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General introduction 

General introduction 
1.1 Types of clefts, incidence and etiology 
1.1.1 Types of clefts 
Oro-facial clefts can be divided into three main categories, i.e., isolated cleft 
lip and/or alveolus, combined cleft lip, alveolus and palate, and isolated cleft 
palate. Each category can be subdivided into complete and incomplete, 
unilateral or bilateral clefts. Besides that other facial clefts exist, which are 
exceedingly rare; such as median (cranio-)facial dysraphia, oblique (oro-
orbital) clefts, transverse (oro-auricular) clefts, and clefts of lower lip and 
nose (Kernahan and Stark, 1958; Tessier, 1976). The most frequently 
occurring types of clefts are shown in Figure 1-1. 
Figure 1-1: A: complete bilateral cleft lip and palate; B: complete unilateral cleft 
lip and palate; C: partial unilateral cleft lip; D: isolated cleft palate. 
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A bilateral cleft lip and palate can thus be complete or incomplete on one or 
both sides. The isolated premaxilla can vary greatly in development, size, 
shape and position (Millard, 1977; Berkowitz, 1996). 
1.1.2 Incidence 
The cleft lip and palate malformation is the most frequently occurring oro-
facial deformity. The incidence varies considerably among races and 
nationalities and depends also of the type of the cleft (Fraser, 1971). The 
overall incidence rate of cleft lip, cleft palate and cleft lip and palate for 
Whites ranges from 0.91 to 2.69 per 1,000 (Vanderas, 1987). In the 
Netherlands the incidence ranges from 1.38%o to 1.77%o (Felix-Schollaart et 
al., 1986; Van den Akker et al., 1987) and in Belgium an incidence range of 
1.33%o-1.43%o was found (Eerens et al., 1997). In about 10 to 20% of the 
newborn children with a cleft lip and palate, the deformity is bilateral 
(Abyholm, 1978; Jensen et al., 1988). In the study of Jensen et al. (1988) 
82% of the BCLP were male. The incidence of oro-facial clefting seems to 
increase. Several factors may be responsible for this, such as decreased 
neonatal mortality, environmental factors (drugs and pollution), increased 
frequency of intermarriage and childbirth in parents with clefts as a result of 
better social acceptability. Also, an improved registration may play an 
important role (Fogh-Andersen, 1961; Abyholm, 1978; Jensen et al., 1988). 
The bilateral cleft lip and palate malformation is part of a syndrome in 1 
to 10% of the cases. In a recent Dutch investigation associated deviations 
were observed in 15% of the children with a cleft lip and palate (Van den 
Ende and Hamel, 1997). 
1.1.3 Etiology 
It is generally agreed nowadays that both genetic and environmental factors 
are involved in the etiology of isolated, non-syndromic oral clefts. They are 
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considered to be multifactorial disorders. The expression of a multifactorial 
disorder is based on a polygenic threshold model, whereby those with more 
of the disease causing genes and of the environmental factors are more likely 
to exceed the threshold and express the disorder (Carter, 1969; Fraser, 1971; 
Thornton, 1996). In this model the risk of recurrence increases (1) if 
consanguinity increases, (2) if more than one family member is affected, (3) 
when the cleft malformation is more severe (ie, bilateral cleft lip and palate), 
(4) if the affected individual is of the less commonly affected sex (Thornton 
et al., 1996). In the study of Jensen et al. (1988) infants with complete 
BGLP had 18.5% affected first order relatives, which was more than in the 
other subgroups. 
At present time, the strongest evidence implicates a primary gene on 6p 
and a role for Transforming Growth Factor Alfa (TGFA) as a modifier of 
clefting status (Chenevix-Trench et al., 1992; Davies et ai, 1995). Another 
gene involved is retinoic acid receptor antigen (RARA) (Mitchell et ai, 
1995; Murray, 1995). As far as exogenic factors are concerned an amount of 
specific prescribed drugs are known to have a teratogenic effect on facial 
development and include valproate acid, an anticonvulsant (Lindhout and 
Meinardi, 1984); retinoic acid dérivâtes (Willnite et al., 1986; Felix-
Schollaart, 1989), thalidomide (Fraser, 1971) and phenytoin (Hanson and 
Murray, 1990). Tiessen et al. (1994) and Oepkes et al. (1994) investigated 
the possibility of the parvovirus B19 infection leading to congenital 
malformation including the bilateral cleft lip, alveolus and palate. Diabetes 
mellitus type I has also been shown to be a risk factor for oral clefts 
(Pederson, 1977). Recently, a statistically significant association with 
maternal smoking was found (Källen, 1997). Data showing that 
periconceptual vitamin use may decrease the recurrence of clefting in families 
also supports environmental influences (Smithells et al., 1996). 
Clefts that are part of a syndrome are classified under the single-gene or 
chromosomal disorders (Thornton, 1996). 
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1.2 Morphological characteristics of BCLP 
The differences in dento-facial appearance between persons with or without a 
cleft can be the result of several factors (Bishara et ai, 1985). Firstly, there 
maybe exists a substantially different morphogenetic pattern, which is part of 
an overall cleft syndrome. Secondly, there could be adaptive changes due to 
the mechanical presence of the cleft or lack of continuity of the tissues. 
Thirdly, surgical and orthodontic treatment and wound healing influence also 
(further) dento-facial development (Kremenak et al., 1970; Bardach and 
Mooney, 1984; Kuijpers-Jagtman, 1995). Besides clinical studies and animal 
experimental research, the study of unoperated persons with a BCLP can give 
more information of the impact about each of those factors. 
1.2.1 Neonatal appearance and anatomy 
At birth, the isolated premaxilla in BCLP is displaced anteriorly in relation to 
the antero-inferior border of the nasal septum (Fig. l-2a). 
Figure l-2a: Lateral view of a baby with a bilateral cleft lip and palate. 
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Because the premaxilla is under no restraint laterally from either bone or 
gingival fibrous tissue, it is, on the one hand, assumed that its attachment to 
the nasal septum by the septo-premaxillary ligament becomes a dominant 
factor. This results in various degrees of premaxillary protrusion and 
abnormal vertical position and also underdevelopment of the lateral maxillary 
segments (McNeil, 1950; Latham, 1970, 1971, 1973; Friede and Morgan, 
1976) (Fig. l-2b). 
Figure l-2b: Lateral anatomical view of bilateral cleft lip and palate. A. Normal 
sagittal relationships of nasal septum, basal premaxillary bone and 
alveolar bone (alv) at birth. Note Anterior Nasal Spine (ANS) lies 
posterior to antero-inferior angle of nasal septum. B. Sagittal 
relationships in a newborn infant with bilateral cleft lip and palate. 
The dento-alveolar part protrudes to lie in the same horizontal plane 
as basal premaxillary bone, itself also protruded. Note position of 
anterior nasal spine (ANS), alveolar bone (alv) and vomero-
premaxillary suture. Parts have been artificially separated to show 
inferior septal border. (Latham, 1973). 
On the other hand, Pruzanski (1971) used metal implants on either side of the 
premaxillary-vomerine junction to demonstrate cephalometrically that this 
region was a major site of overgrowth. 
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He suggested that the overgrowth was probably a secondary reaction to the 
lack of restraint from the cleft orbicularis oris muscle. The findings of 
Pruzanski were supported by Friede and Morgan (1976) and Atherton (1974) 
(Fig. l-2c). 
Figure l-2c: Caudo-cranial drawing of BCLP with an arrow pointing to the 
premaxillary vomerine suture (PVS). (Copyright: S. Berkowitz, 1996). 
The prolabium in BCLP babies is usually hypoplastic missing a muscular 
layer (Fig. l-2d). This makes that there is no Cupid's bow (except for the 
central part), no philtrum dimple and columns and no labial sulcus. The 
muscle fibres of the orbicularis oris sweep up along the cleft edge towards 
the base of the nose at the alar wings (Fig. l-2d). The clefts through the 
nasal floor have a devastating effect on the nasal base. With the constant pull 
of the unopposed lateral lip musculature, the flaring and eversion of the alar 
bases are exaggerated, making the nose broader than normal. The columella 
is usually short, making the nose tip flat. 
The vomer may be straight, but is often curved or deviated to one side. 
The position of the lateral alveolar segments varies. In some cases they are 
displaced medially, leaving insufficient space for the premaxilla to be 
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accommodated between them, but in others they are reasonably positioned in 
relation to the other segments and even laterally displaced (Huddart, 1969). 
The intertuberosity distance is mostly increased (Huddart, 1969). The hard 
and soft palate are open. Consequently, the velopharyngeal muscles (tensor 
and levator veli palatini, palatopharyngeus, palatoglossus and constrictor 
superior) do not meet each other. This results in palatopharyngeal 
incompetence which influences speech and hearing. 
Figure l-2d: Orbicularis oris muscle fiber direction in: a. a normal upper lip and 
b. an upper lip ofBCLP (Millard, 1977). 
1.2.2 Facial characteristics of the unoperated adult with BCLP 
In unoperated adults (Fig. l-2e) an underdevelopment of the columella and 
prolabium is still observed (Ortiz-Monasterio et al., 1966). In the sagittal 
dimension there is, apart from the cleft region, no difference in facial 
development between non-operated cleft lip and palate and non-cleft controls. 
The premaxilla is still protruded and mostly rotated (Boo-Chai, 1971; Bishara 
et al., 1985; Rees, 1991). The anterior ends of the lateral arch segments 
show a medial collapse in some cases (Davis, 1951; Bishara et al., 1985; 
Rees, 1991) or a lateral external displacement (Ortiz-Monasterio et al., 
1966). However, the posterior segments at the level of the molars are in 
normal position and relationship to the mandible (Rees, 1991). There is a 
tendency for the mandibular plane to be steep, which may be attributed to the 
presence of a palatal cleft (Bishara et al., 1978, 1985). The maxillary central 
incisors are often rotated but are mostly normally angulated labiolingually 
within the protrusive premaxilla (Hagerty and Hill, 1963; Bishara et al., 
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1985). Other dental abnormalities such as supernumerary teeth, absent teeth 
and teeth malformations are frequently observed. As the hard and soft palate 
are not operated, this has its negative consequences for speech and hearing. 
Finally, increased facial widths, such as interorbital distance, nasal width, 
bicondylar width and the bigonial width) are observed in a non-operated 
BCLP group, when compared to a non-cleft group. When compared with an 
operated group, the unoperated group shows a larger cleft width and nasal 
width (Motohashi et al., 1994). 
Figure l-2e: Unoperated adult with a bilateral cleft lip and palate. 
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1.3 Multidisciplinary management 
1.3.1 Statement of the problem 
The anatomical deviations and tissue deficiencies that are inherent to the 
bilateral cleft lip and palate malformation, as described in paragraph 1-2, are 
at the origin of complex problems. 
The aesthetic aspect of lip closure is one of the greatest concerns of the 
parents and their child, when born with an oral cleft. The protrusion of the 
premaxilla together with the deficiency of soft tissue in the upper lip makes it 
difficult to perform primary lip closure properly (Kumar and Agrawal, 1989). 
Lip closure is therefore often performed in two stages and the time of 
operation is delayed nowadays. The reason for this delay is that more soft 
tissue is available to close the lip. Early orthopaedics or lip adhesion can be 
performed in order to retrude the premaxilla before lip closure (Lesavoy, 
1990; Randall, 1990; Van der Beek et al., 1992). This would facilitate lip 
closure which in turn diminishes scar tissue formation as a result of which 
growth is less negatively influenced. Premaxillectomy (Motohashi and 
Pruzanski, 1981; Cosman, 1984;) and early surgical setback of the premaxilla 
(Johanson and Nordin, 1955; Friede and Pruzansky, 1985; Rosenstein et al., 
1982, 1991) were also performed in order to enhance lip closure (Cronin, 
1957). 
Feeding of a BCLP baby can cause special problems. The hard palate is 
part of the sucking mechanism and in case of a cleft sucking activity may be 
difficult to achieve. By delaying palatal closure the oral cleft remains open 
over a longer period of time, which may lead to more feeding problems than 
when the palate is closed immediately after birth. Adequate guidance by the 
nursing staff can alleviate most practical problems. Specially designed 
feeding-bottle teats are available for use in these conditions. Also, some 
authors pretend that the plates used in early orthopaedics facilitate feeding 
(Hotz and Gnoinski, 1976; Brine et al., 1994). At a later age, in children 
with a BCLP mastication can be disturbed due to an incorrect position of the 
teeth and/or bad jaw relation. 
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Later on speech and hearing problems can arise. In the study of Karling et 
al. (1993) it was suggested that patients with a bilateral cleft lip and palate 
showed poorer speech and needed more speech therapy than the unilateral 
ones; these findings resulted in a change in the treatment approach of their 
patients with BCLP: earlier palatal surgery, earlier parental information and 
treatment of articulatory deviations was performed in the children with 
BCLP. 
Parents are usually concerned about the cause of the cleft. A range of 
negative feelings (e.g. rejection, guilt) may be experienced by the parents 
before accepting the situation and dealing with the child's problem. 
Psychological follow-up and genetic advice would be helpful to accept the 
malformation. 
Orthodontic and surgical treatment as well as speech therapy are mainly 
performed in order to normalize the anatomical deviations and to resolve the 
aforementioned problems. However, after surgery, a new muscular balance is 
reached while scar tissue formation influences further palatofacial growth 
(Kremenak et al., 1970). This gives rise to new problems for which further 
treatment is needed on the long term. Hard palate closure is therefore often 
delayed, but this delay may not be too long because of the risk of speech 
disturbances (Bardach et al, 1984; Witzel et al, 1984; Egyedi, 1985). The 
compromise between speech and growth requirements forms one of the most 
important challenges for those professionals who are working together in a 
Cleft Palate Center. As the treatment of children with a bilateral cleft lip and 
palate is complex and comprehensive, it should be planned in a team 
(Huffstadt et al, 1975; Berkowitz, 1996). 
1.3.2 Cleft palate team 
Following the standards of the American Cleft Palate-Craniofacial 
Association the Cleft Palate Team should minimally have an operating 
surgeon, an orthodontist and a speech-language pathologist. Additionally, 
regular contacts should exist with specialists from otolaryngology, audiology, 
24 
General introduction 
paediatrics, genetics, social work, psychology, and general paediatric or 
prosthetic dentistry. At least 50 new patients per year should have to be 
enrolled in the Cleft Palate Team (ACPA, 1993). 
The first goal of the Cleft Palate Team is to ensure that comprehensive 
care is provided in a co-ordinated, consistent manner. A longitudinal 
treatment plan should be developed for each patient, which can be modified if 
necessitated by cranio-facial growth and development, treatment outcome or 
therapeutic advances. Each interdisciplinary team should maintain centralized 
and comprehensive records on each patient. It is also important that the team 
members give information to the parents, patients, primary care providers 
addressing feeding, peripheral workers, colleagues, and students. Finally it is 
important to train new team members in order to ensure continuity of care. 
1.4 Orthodontic treatment of BCLP patients 
The objective of the orthodontic therapy in children with a bilateral cleft is to 
align the dento-alveolar and jaw structures to their optimum form and 
relationships in order to achieve the best possible oral function and aesthetics. 
Success of orthodontic treatment is largely dependent on the antecedent 
surgical procedures, on the nature of the cleft and on the patient's phenotype. 
Orthodontic treatment planning depends often on the stage of dental 
development. Knowledge of the dental development is important in order to 
predict start and/or duration of the orthodontic treatment. However, only few 
information exists about dental age in BCLP, which is in addition inconsistent 
(Haring, 1983; Loevy and Aduss, 1988; Pöyry et al., 1989; Peterka et al, 
1996). 
Because it is impossible to explain in this context all orthodontic 
treatment possibilities in BCLP, we limited ourselves to the most frequently 
used or most specific orthodontic procedures. 
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1.4.1 Presurgical orthopaedic treatment 
Treatment effects 
The main benefits advocated by those who perform presurgical orthopaedic 
treatment (PSOT) are as below (Hotz and Gnoinski, 1976; Foster, 1980; 
Hathorn, 1986). 
Firstly, surgical repair would be facilitated by placing the segments of 
jaw and lip into their correct relationships and by reducing the width of the 
palatal cleft. Any help in reducing the postoperative tension could be 
beneficial wound healing (and hence aesthetics) and reduce the growth 
retarding influences on the developing maxilla. However, in a study of Ross 
and McNamara (1994) no lasting effect of PSOT on aesthetics of the lip and 
nose was found. But, growth of the maxilla seemed to be less affected when 
presurgical orthopaedics were used, than when lip adhesion was performed 
(Van der Beek et al, 1992). 
Secondly, presurgical orthopaedics would favour dental and skeletal 
development. It would diminish later development of collapse of the lateral 
alveolar segments, and thus lateral crossbites (Robertson, 1973; O'Donnel et 
al., 1974). In a study of Peat (1982) complete bilateral cleft children who 
underwent presurgical orthopaedic treatment showed significantly less incisor 
crossbites in the deciduous as well as in the mixed dentition compared to 
those who did not underwent the treatment. In the same study as well as in 
the study of Huddart (1974) no differences, however, for lateral crossbites 
between the two BCLP groups were found. 
Thirdly, the plates would ameliorate feeding. By fitting an acrylic plate 
over the hard palate cleft a more normal oral environment is created, while 
the tongue is kept out of the cleft. These changes would result in better 
feeding (Hotz and Gnoinski, 1976; Brine et al., 1994). 
Fourthly, speech development would be improved. In the study of 
Huddart (1969) it was found that at birth children with a BCLP had a much 
greater space within which the tongue has to function than normal. 
Therefore, it is considered that a plate which covers the cleft, probably 
establishes a more normal tongue position earlier; this in turn may help 
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further speech development. 
Finally, presurgical orthopaedics may have a psycho-social benefit. It 
would improve the morale of parents by providing care and attention at a 
very early stage. There is, however, as much reason to believe that the 
parents are traumatized by the whole procedure and that the whole treatment 
gives an extra stress (Berkowitz, 1996). 
Type of appliances 
The appliances can be active or passive. A passive maxillary appliance 
delivers no force, but the maxillary alveolar segments are guided into a more 
regular arch shape by selective grinding of the plate. An active appliance is 
designed to move the alveolar segments in specified directions using forces. 
An expansion of the lateral segments can be performed by fitting an 
expansion screw into the plate in order to make room for alignment of the 
premaxilla. Extra-oral strapping is also used in order to reduce premaxillary 
Figure l-4a: Elastic strapping applying gentle continuous force. 
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protrusion prior to lip closure (Fig. l-4a) (Robertson, 1973). The elastic 
force exerts a similar backward pressure against the protruding premaxilla as 
a lip adhesion or the Celesnik procedure (Hotz et al., 1987). Others proposed 
the use of intraoral traction with slots that are pinned in the palatal bone in 
order to attain a rapid retrusion (within three to four weeks) of a severely 
protruded premaxilla (Georgiade et ai, 1968, 1989; Georgiade and Latham, 
1975; Bitter, 1992). Unfortunately, no long-term effects of this intra-oral pin-
ning and traction on facial growth and the development of tooth buds have 
been forthcome (Berkowitz, 1996). 
1.4.2 Facial orthopaedic treatment 
A reversed headgear is mostly used for maxillary protraction, but it can also 
be useful for the advancement of the maxillary dentition. The skeletal effect 
of this therapy appears to be doubtful. In the study of Tindlund and Rygh 
(1993) no significant forward movement of the maxilla during protraction 
was found in BCLP. Only dento-alveolar effects and a significant clockwise 
rotation of the occlusal and mandibular plane were found, which indeed 
improved the soft-tissue profile markedly. In children with a complete UCLP 
the skeletal results were better, but in comparison to these children a more 
extensive primary surgical interference, with a.o. periosteoplasty was 
performed in the BCLP children. This may have resulted in an impaired 
growth as well as treatment response in the BCLP cases in this study. After 
the protraction therapy the maxilla and mandible reverted to the original 
growth pattern with restrained maxillary growth. Three years after treatment 
this resulted in an unfavourable change of the maxillo-mandibular 
relationship, as expressed by a reduction of the ANB-angle (Tindlund, 1995). 
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1.4.3 Expansion of the alveolar segments 
In most BCLP cases the dental arches show already at the age of three to six 
years a collapse of the lateral alveolar segments. The cuspid area often needs 
more expansion than the molar one. 
Prior to secondary alveolar bone grafting it is often necessary to correct 
this collapse. In the absence of a bony union correction of the arch form in 
the lateral dimension is relatively easy. If only a small amount of expansion 
of the arch is necessary and if there is enough palatal vertical support, 
removable orthodontic appliances may be adequate. Greater amounts of 
expansion will require longer-ranging forces of a fixed appliance. Quad-helix 
mechanics are most commonly used. With a quad-helix appliance it is 
possible to produce a differential expansion in the lateral dimension 
(Fig. l-4b). 
Figure l-4b: Fixed expansion device (quad-helix) to produce differential expansion 
of the maxillary arch. 
As there is no mid-palatal suture to be split, expansion of the cleft palate does 
not need to be performed as rapidly as in non-cleft palates, and this slower 
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movement is probably less damaging to the teeth and their supporting 
structures (Foster, 1980; Robertson, 1973). The study of Tindlund and Rygh 
(1993) showed that a modified quad-helix appliance is effective and reliable, 
indicating an intercanine widening of about 3 mm per month irrespective of 
the cleft type. By comparing the use of a fixed quad-helix appliance with 
removable expansion plates, it was found that the quad-helix has a better 
effect, needs fewer visits, has less costs and a shorter treatment time. 
Moreover, a removable plate would not readily resist the forward-downward 
traction to the cuspid area from an eventual facial mask. As there is a great 
tendency to relapse of the transverse dimension, it is advised to perform a 
moderate overexpansion. Because the roof of the mouth is also the floor of 
the nose, realignment of the palatal processes not only produces a desirable 
alteration in the contour of the palate, but also induces similar changes to the 
floor of the nose. 
1.4.4 Orthodontic alignment by the use of fixed appliances 
When an osteotomy of the premaxilla has been performed to correct the 
position of it together with bone grafting, a dental splint is wired in at the 
end of the surgical procedure. Following secondary bone grafting with or 
without premaxillary repositioning, a retention period is necessary. When 
only bone grafting is performed, the quad-helix is replaced immediately after 
surgery in order to retain the presurgical orthodontic expansion. After 
eruption of the canines through the bone graft, orthodontic alignment by the 
use of fixed appliances can be reinstated. The patient remains under 
orthodontic treatment until full complement of teeth has been reached. 
1.4.5 Retention 
Permanent retention of the maxillary arch form is necessary in nearly all 
patients with BCLP even after secondary alveolar bone grafting (Robertson 
30 
General introduction 
and Fish, 1972; Rune et al, 1980; Nicholson and Plint, 1989). Arch collapse 
with a return of a crossbite in the canine/premolar region can occur rapidly 
due to transpalatal scar tissue. Moreover, permanent incisors are frequently 
rotated or badly angulated before treatment. Orthodontic correction of such 
tooth positions is also very prone to relapse. Therefore, a fixed retention 
splint is placed at the end of the treatment to hold transverse dimensions 
(Fig. l-4c). After treatment a removable retention frame or a fixed bridge 
spanning the cleft is provided in most of the cases (Brägger et al, 1991). 
Figure l-4c: Fixed retention splint. 
1.5 Surgical management of the protrusive μ rem ax i lia 
1.5.1 Excision 
In the past premaxillary excision was done in BCLP patients with an extreme 
premaxillary protrusion in order to facilitate lip closure. It has been shown, 
however, that this procedure leads to extreme midfacial deficiency with a 
concave profile and lack of support for the upper lip and nose. Moreover, 
maxillary arch form disturbances resulting in malocclusion and masticatory 
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insufficiency, do occur. Since these problems can hardly be (prosthetically) 
rehabilitated, premaxillary excision is almost not performed anymore (Ross, 
1982). More recently, premaxillectomy (Motohashi and Pruzanski, 1981; 
Cosman, 1984) and subtotal premaxillectomy (Saad et al., 1987) have been 
selectively advocated for older children (5-6 years) with an extreme 
premaxillary protrusion, mandibular hypoplasia and poor skeletal growth 
prognosis. At present, the sample size of children who underwent this 
procedure is small so that treatment results of premaxilla excision have to be 
interpreted with caution. 
1.5.2 Surgical set-back of the premaxilla before five years of age 
Early (in patients age five and under) set-back of the premaxilla was an 
alternative procedure to manage the protruded premaxilla. In order to 
stabilize the premaxilla a Kirschner wire (Cronin, 1956), oral pins 
(Georgiade et al., 1968, 1989), needles (Wilde, 1960), or primary bone 
grafting (Johanson and Nordin, 1955; Friede and Pruzansky, 1972; 
Rosenstein et al., 1982, 1991) were used. Due to the adverse effects of this 
procedure on the delicate midline blood supply and growth potential of the 
premaxilla, which resulted in osseous atrophy, decreased antero-posterior 
growth and disturbed odontogenic development, this procedure is postponed 
to at least the age of eight years (Bishara and Olin, 1972; Friede and 
Pruzansky, 1972, 1985; Graf Pinthus and Bettex, 1974; Vargervik, 1983; 
Robertson and Jolleys, 1983; Eppley et al., 1986). 
1.5.3 Surgical set-back of the premaxilla in combination with bone grafting 
after five years of age 
Late osteotomy and stabilization of the premaxilla in combination with late 
secondary (after the eruption of the permanent maxillary canines) or tertiary 
bone grafting (in combination with an osteotomy of the premaxilla) has a 
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recognized position in the treatment of BCLP (Perko, 1966, 1969; Brouns 
and Egyedi, 1980; Deffez et al., 1984). A few years ago, several authors 
have advocated combined surgical-orthodontic treatment with early secondary 
bone grafting (after permanent incisor teeth have been fully erupted and 
before eruption of the canines in the upper jaw) (Hayward, 1983; Freihofer, 
1989; Freihofer et al., 1991). The advantages of this procedure during mixed 
dentition phase would be that growth disturbances are averted, because by 
delaying the osteotomy most maxillary growth has already occurred. In 
addition, stabilization of the dento-alveolar segments, restoration of the 
alveolar continuity and increased support for upper lip and alveolar base of 
the nose can be achieved. The canine would erupt through the bone graft and 
the dental arch would be aligned (Boyne and Sands, 1976; Banks, 1983; 
Eppley et al., 1986; Bardach, 1990; Freihofer et al., 1991). However, only 
few data on the long-term results of this operation is available (Bardach et 
al., 1992). 
1.6 Aim of the study 
The treatment of children with a complete bilateral cleft lip and palate is 
complex and comprehensive, as described in the previous paragraphs of this 
chapter. The low incidence of this malformation, the great variability, the 
difficulty of treatment procedures, but also the poor global treatment outcome 
caused by insufficient understanding of the BCLP malformation make that 
long-term studies evaluating treatment results in BCLP are rare. 
It was therefore the aim of the present study to evaluate facial growth 
and dental development of children with a complete bilateral cleft lip and 
palate from birth until 17 years of age. 
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1.7 Overview of the thesis 
All children of the investigated group were followed, documented and treated 
by the members of the Cleft Palate Unit of the University Hospital of 
Nijmegen (The Netherlands). The present retrospective longitudinal study was 
performed on the basis of data collected at this Center. 
In Chapter 2 the early development of the maxillary alveolar arch in 26 
boys with a BCLP was evaluated and compared with a Dutch non-cleft group 
of 34 boys. 
In Chapter 3 the effects of early treatment, such as presurgical 
orthopaedics, lip and soft palate closure, were examined in 30 BCLP patients 
and 80 Dutch non-cleft children were used for comparison. 
In Chapter 4 dental age in 74 children with a BCLP is estimated by the 
use of orthopantomograms. A comparison was made with 181 
orthopantomograms of Dutch non-cleft children at three different ages (5, 9.5 
and 14 years of age). 
In Chapter 5 the effect of premaxillary osteotomy in combination with 
secondary bone grafting was evaluated in 22 children by means of 
cephalograms and dental casts. As a control group, BCLP patients treated by 
the Cleft Palate Center of Oslo (Norway) were used, who did not undergo an 
osteotomy of the premaxilla. 
In Chapter 6 maxillo-facial growth from six to 20 years of age is 
evaluated in the same group as described in Chapter 5. The cephalometric 
data were compared with those of 90 BCLP patients of the Cleft Palate 
Center of Oslo (Norway), who did not undergo an osteotomy of the pre-
maxilla. 
In Chapter 7 changes in maxillary and mandibular dental arch 
dimensions and occlusion in the same BCLP group as examined in Chapter 5 
and 6 were evaluated from three to 17 years of age. A normative sample was 
used for comparison. 
The general discussion, Chapter 8, relates and discusses the most 
noteworthy findings of the previous chapters. Some suggestions for future 
research are given. 
34 
Chapter 2 
Maxillary arch dimensions in BCLP boys 
from birth until 4 years of age 
Kiki L.W.M. Heidbüchel 
Anne M. Kuijpers-Jagtman 
Gem J.С Kramer 
Birte Prahl-Andersen 
Accepted by Cleft Palate-Craniofacial Journal, 1997. 

Maxillary arch dimensions in BCLP 
2.1 Summary 
Objective: To describe the development of maxillary arch dimensions in 
children with a BCLP during the first four years of life and to compare it 
with non-cleft children. 
Design: This was a retrospective, mixed-longitudinal study. 
Setting: The study was conducted at the Cleft Palate Center of the University 
Hospital of Nijmegen. 
Subjects: The sample consisted of 26 BCLP boys, who were born between 
1976 and 1990 and treated at the University Hospital of Nijmegen. The data 
of a control group of 34 non-cleft boys were collected at the University 
Hospital of Amsterdam. 
Method: Palatal arch dimensions were digitized on dental casts. A 
comparison between BCLP and non-cleft dimensions was made on fixed time 
intervals. 
Results: At birth, anterior and posterior arch widths as well as arch depths 
were significantly larger in BCLP. After seven months (lip closure) anterior 
arch width and arch depth diminished considerably in the cleft group. After 
12 months (palatoplasty) a slight decrease of posterior arch width was 
observed. Arch depths showed slight catch-up growth. At four years of age 
anterior arch width was significantly narrower and anterior arch depth shorter 
in BCLP as compared to the controls. Posterior arch width was significantly 
wider. 
Conclusions: During the first four years of life maxillary arch dimensions in 
children with a BCLP show a unique development which is significantly 
different to non-cleft children. 
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2.2 Introduction 
At birth, the most striking feature of a baby with a bilateral cleft lip and 
palate is the protrusion of the premaxilla and the underdevelopment of the 
columella. This deformity has been demonstrated histologically and 
anatomically (Latham, 1971; Atherton, 1974; King et al., 1979). Further, 
due to the outward pull of the interrupted circumoral and palatal musculature, 
lateral alveolar segments are also distorted (Huddart, 1969; Friede and 
Pruzanski, 1972; Robertson et al., 1977; Wada et al., 1984; Kuijpers-
Jagtman, 1989). 
It is well known that surgical procedures have great influence on further 
growth and development (Friede and Pruzansky, 1972; Berkowitz, 1977; 
Hotz et al., 1987; Krogman et al., 1982; Kuijpers-Jagtman, 1989; Bardach, 
1990; Heidbüchel et al., 1993, 1994). The moulding effect of the closed lip 
brings the alveolar segments closer to each other. Palatal closure, however, 
may have a detrimental effect on future maxillary growth. 
In order to limit possible iatrogenic effects on growth numerous 
interventions have been delineated: First, lip adhesion was proposed by 
Randall (1965) and Walkner et al. (1966). The objective of lip adhesion is to 
allow natural forces to mould the maxillary segments. The definitive lip 
repair can then be performed under less tension and with a minimum of 
undermining dissection which in tum might lead to less growth inhibition. A 
disadvantage would be that an extra operation is needed (Van der Beek et al., 
1992). Second, presurgical orthopaedics performed with extra-oral strapping 
has been performed in order to align the alveolar segments before lip and 
palate closure. Between lip closure and palatoplasty, acrylic plates are worn 
to avoid collapse of the alveolar segments (Huddart, 1969; Robertson et al., 
1977; Peat, 1982). Third, lip and palate closure have been delayed and the 
number of operations has been reduced in order to diminish the possible 
negative growth influences introduced by surgery (Berkowitz, 1996). Finally, 
it was suggested to establish a permanent surgical team in order to increase 
surgical experience (Berkowitz, 1996). 
Thus, during the first years of life many interventions are available that 
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may influence palatal growth. Therefore, the aim of this investigation was to 
give a detailed description of maxillary arch development in children with a 
BCLP and to compare it with non-cleft children during the first four years of 
life. The comparison with the non-cleft children adds an extra dimension to 
the study. It may even be used as a reference by other investigators to 
compare different treatment plans for patients with BCLP. 
The differences in maxillary alveolar arch form between BCLP 
youngsters and non-cleft ones have already been studied by several 
investigators (Huddart, 1969; Harding and Mazaheri, 1972; Wada et al, 
1984; Nyström and Ranta, 1989; Kramer et al., 1994, 1996). However, in 
only a few investigations the longitudinal follow-up was three years or more 
(Harding and Mazaheri, 1972; Wada et al., 1984) and the number of BCLP 
children was seldom more than 20 (Huddart, 1969; Harding and Mazaheri, 
1972; Wada et ai, 1984). 
Palatal arch form in children with bilateral cleft lip and palate has also 
been investigated by others, but was not compared to non-cleft children 
(Friede and Pruzansky, 1972; Robertson et al, 1977; Kriens, 1991; Honda et 
al., 1995). 
There is only one known study in which sexes were considered 
separately, but, for the statistical analysis the genders were pooled in order to 
enlarge the number of BCLP cases (Nyström and Ranta, 1989). 
2.3 Material and methods 
Twenty-six boys with a complete bilateral cleft lip, alveolus, and palate were 
studied. They were born between 1976 and 1990. In none of these patients 
soft tissue bridges were present. They were all of Caucasian Dutch origin and 
had no other congenital anomaly than the oral cleft. They were all treated at 
the Cleft Palate Center of the University Hospital of Nijmegen (The 
Netherlands), where they were registrated within six weeks after birth. 
All babies underwent presurgical orthopaedic treatment according to 
Hotz and Gnoinski (1976) with an intraoral acrylic plate of soft and hard 
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acrylic combined with extra-oral strapping. Lip closure was performed in one 
stage using a modified Manchester technique (Manchester, 1970). Mean age 
at lip closure was seven months. Between lip closure and soft palate closure 
the plate (without elastic strapping) was worn only as a retention device to 
maintain transverse dimensions. Soft palate closure was carried out by the 
Von Langenbeck technique at a mean age of one year and one month. Hard 
palate closure was performed at about four years of age or later on, in 
combination with secondary bone grafting. All orthodontic and surgical 
procedures were carried out by the same three orthodontists and two 
surgeons. 
From each BCLP patient two to 14 maxillary dental casts were availa-
ble, which made a total of 238 plaster casts that were studied. The anatomical 
and constructed points were determined according to Sillman (1964) and 
Robertson et al. (1977) and are shown in Figure 2-1. The points were 
digitized twice using a Reflex Microscope (Reflex Measurement Ltd. Hadley 
House, Waterline, Butleigh, Somerset, BA68SP, UK) and their coordinates 
were computerized. Maxillary arch dimensions, which are described in 
Figure 2-1, were calculated from the coordinates and were converted into 12 
different ages by interpolating the data (ie.: 0, 1,3, 6, 9, 12, 18, 24, 30, 36, 
42 and 48 months). The distance of the interpolated value to the nearest age 
period was not allowed to be more than two weeks in the first year of life 
and six weeks thereafter. Extrapolation was not applied. Medians together 
with percentiles P25 and P75 were computed for each age. 
The control group consisted of 269 dental casts of 34 boys collected at 
the University Hospital of Amsterdam. The children were of Caucasian 
Dutch origin, they were full term and had no congenital anomalies. 
Impressions of the upper jaw were taken immediately after birth and at the 
age of 3, 6, 9, 12, 18, 24, 30, 36, 42 and 48 months. From each child two 
to 11 models were available. Digitizing and calculation of distances were 
performed as described for the BCLP group. 
In order to determine the measurement error from each group 
(experimental and control) 20 dental casts, covering the full age range were 
randomly selected and digitized twice by the same person. 
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Τ Pr2 M2 Τ 
Figure 2-1: Points digitized on dental casts: Point I (Incisai point): point on the 
top of the alveolar crest where the incisive papilla and labial frenulum 
meet, or the tip of the interdental papilla between the central incisors; 
Point С (Cuspid point): where the lateral sulcus crosses the crest of 
the alveolar ridge, or the distal anatomical contact point of the 
deciduous canine; Point Τ (Tuberosity point): the posterior limit of the 
tuber maxillare in the sulcus where the raphe pterygo-mandibularis 
adheres, or the distal point of the second deciduous molar; Point L: 
most anterior point of the alveolar crest of the lateral segment. 
Points constructed by the computer out of the digitized points: 
Point Pr l : projection of point I on the line C-C'; Point Pr2: projection 
of point I on the line T-T'; Points M2: midpoint of distance T-T'. 
Calculated distances or angles: C - C : intercanine width or, 
maxillary anterior arch width; T-T'; intertuberosity width or maxillary 
posterior arch width; T-C: distance between point Τ and point C, 
representing the length of lateral segments; I-Prl: anterior arch depth; 
I-Pr2.· total arch depth; < C-T-T: segmental angle; < M2-I-Pr2: 
angle representing a possible midline deviation. 
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To identify the differences between the BCLP group and the control group at 
the different ages the Mann Whitney test was applied. 
2.4 Results 
Table 2-1 shows that measurement errors ranged from 0.3 to 0.5 mm and 
0.5° to 1.2°. All measurement/remeasurement correlations reached an 
acceptable level (Table 2-1). 
Table 2-1: Measurement error. 
measurement intra-observer measurement / 
measurement error remeasurement correlation 
anterior arch width {C-C) 
posterior arch width (T-T') 
anterior arch depth (I-Prl) 
total arch depth (I-Pr2) 
lateral alveolar segment length (T-C) 
midline deviation (M2-I-Pr2) 
segmental angle (C-T-T') 
Medians (P50) together with percentiles (P25 and P75) of the maxillary arch 
dimensions are given in Tables 2-2 to 2-8. 
Some results are shown graphically in order to illustrate the maxillary 
growth trends more clearly (Fig. 2-2 to 2-4). 
At birth intercanine width (C-C) (Table 2-2 and Fig. 2-2) was 
significantly larger in the cleft group than in the control group. A slight 
increase was seen up to the age of six months in the cleft group. Thereafter 
the intercanine width diminished until the age of 18 months. From there on 
intercanine width was significantly smaller than in the control group and 
remained virtually unaltered up to four years of age. In the control group 
intercanine width tended to increase continuously up to the age of four years. 
0.26 mm 
0.53 mm 
0.18 mm 
0.32 mm 
0.37 mm 
0.55° 
1.15° 
0.82 
0.77 
0.92 
0.95 
0.99 
0.90 
0.87 
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Table 2-2: 
age 
0 
1 
3 
6 
9 
12 
18 
24 
30 
36 
42 
48 
η 
20 
23 
26 
26 
25 
25 
22 
21 
21 
21 
19 
18 
Intercanine width (C-C). 
BCLP 
P25 
28.9 
29.3 
28.8 
29.2 
29.3 
27.8 
25.4 
25.1 
24.7 
24.7 
24.2 
24.1 
group 
P50 
30.4 
30.6 
30.9 
32.0 
31.0 
29.6 
27.3 
27.7 
27.1 
27.1 
27.0 
27.1 
P75 
31.4 
32.1 
32.1 
33.0 
33.4 
32.1 
29.2 
29.4 
29.2 
29.6 
30.1 
30.3 
η 
18 
22 
23 
23 
23 
23 
32 
34 
33 
25 
25 
25 
non-cleft group 
P25 
24.7 
24.9 
25.2 
26.1 
26.6 
27.0 
27.5 
28.6 
28.7 
28.9 
29.0 
28.9 
P50 
25.9 
25.9 
26.2 
26.8 
27.5 
27.5 
29.0 
29.3 
29.9 
29.7 
29.8 
30.6 
P75 
27.3 
27.6 
27.4 
27.9 
29.1 
29.4 
30.8 
30.9 
30.8 
31.2 
31.0 
31.5 
+ * 
** 
** 
+ * 
** 
* 
* 
** 
** 
** 
** 
** 
< 0.05; ** = ρ < 0.01 
From birth to 12 months of age intertuberosity width (T-T') (Table 2-3 and 
Fig. 2-3) was significantly larger in the cleft group than in the control group. 
An increase was found until one year of age. Then, after a slight stabilization 
intertuberosity width increased again and reached significant greater values 
than the controls. 
At birth, anterior arch depth, measured by I-Prl (Table 2-4 and 
Fig. 2-4), was excessive in the BCLP group. During the first six months of 
age an increase of anterior arch depth was observed in the control group, 
while the distance remained about the same in the BCLP group. Thereafter it 
decreased in the BCLP group, while it increased further in the controls. 
From 18 months on, for both groups a comparable growth pattern was 
observed, although anterior arch depth remained significantly larger in 
BCLP. 
Total arch depth (I-Pr2) (Table 2-5 and Fig. 2-4) was significantly larger 
in the BCLP group than in the control group until 12 months of age. 
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2-2: Medians (P50) together with percentiles (P25 and P75) of anterior 
arch width (C-C') of children with BCLP and non-cleft controls 
between zero and four years of age. Vertical lines at seven and 13 
months represent respectively lip and soft palate closure. 
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Figure 2-3: 
age in months 
Medians (P50) together with percentiles (P25 and P75) of posterior 
arch width (T-T') of children with BCLP and non-cleft controls 
between zero and four years of age. Vertical lines at seven and 13 
months represent respectively lip and soft palate closure. 
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Figure 2-4: 
age in months 
Medians (P50) together with percentiles (P25 and P75) of anterior and 
total arch depths (I-Prl and I-Pr2) of children with BCLP and non-
cleft controls between zero and four years of age. Vertical lines at 
seven and 13 months represent respectively lip and soft palate closure. 
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Table 2-3: Intertuberosity width (Τ-Γ). 
BCLP group non-cleft group 
age η P25 P50 P75 η P25 P50 P75 
0 
1 
3 
6 
9 
12 
18 
24 
30 
36 
42 
48 
20 
23 
26 
26 
25 
25 
22 
21 
21 
21 
19 
18 
29.9 
30.6 
29.7 
30.0 
30.9 
31.4 
30.0 
31.0 
32.5 
34.1 
35.0 
36.2 
31.6 
31.8 
31.5 
33.3 
33.0 
33.7 
33.0 
33.5 
35.1 
36.2 
36.9 
38.2 
33.2 
33.0 
33.9 
34.7 
35.1 
34.4 
35.1 
35.9 
36.7 
37.4 
38.5 
39.8 
18 
22 
23 
23 
23 
23 
32 
34 
33 
25 
25 
25 
26.0 
26.2 
26.7 
27.1 
27.9 
29.1 
31.1 
32.0 
32.6 
33.4 
33.5 
34.1 
27.1 
27.3 
27.8 
28.1 
29.4 
30.6 
32.6 
33.2 
34.5 
34.4 
35.3 
35.8 
27.2 
27.9 
29.0 
29.6 
30.9 
32.2 
33.4 
34.2 
36.3 
36.1 
36.9 
37.5 
ns = not significant; * = ρ < 0.05; ** = ρ < 0.01 
Table 2-4: Anterior arch depth (I-Prl). 
BCLP group non-cleft group 
age η P25 P50 P75 η P25 P50 P75 
0 
1 
3 
6 
9 
12 
18 
24 
30 
36 
42 
48 
20 
23 
26 
26 
25 
25 
22 
21 
21 
21 
19 
18 
13.8 
14.3 
14.4 
14.3 
11.5 
11.0 
11.3 
11.8 
11.8 
11.8 
11.5 
11.7 
15.8 
15.8 
16.0 
16.3 
13.5 
12.6 
13.1 
14.1 
14.0 
13.6 
13.1 
12.8 
17.6 
17.5 
18.2 
18.2 
16.1 
14.6 
15.4 
15.1 
15.1 
15.4 
15.6 
15.7 
18 
22 
23 
23 
23 
23 
32 
34 
33 
25 
25 
25 
6.7 
6.9 
7.8 
8.6 
9.2 
9.2 
9.9 
10.6 
11.0 
11.0 
10.3 
10.3 
7.1 
7.5 
8.5 
9.1 
10.0 
10.5 
11.1 
11.9 
11.7 
11.6 
11.1 
10.9 
7.6 
8.0 
9.2 
9.8 
10.4 
11.1 
12.3 
12.9 
12.7 
12.4 
12.4 
12.1 
** = ρ < 0.01 
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Table 2-5: 
age 
0 
1 
3 
6 
9 
12 
18 
24 
30 
36 
42 
48 
η 
20 
23 
26 
26 
25 
25 
22 
21 
21 
21 
19 
18 
Total arch depth (I-Pr2). 
BCLP 
P25 
31.4 
31.9 
32.1 
33.6 
31.7 
31.5 
32.2 
32.4 
32.4 
32.0 
31.5 
30.3 
group 
P50 
32.4 
32.6 
33.6 
35.3 
34.6 
34.1 
35.6 
35.6 
35.3 
35.1 
35.0 
34.3 
P75 
35.4 
34.7 
36.8 
37.2 
36.4 
36.7 
37.0 
37.5 
37.6 
38.0 
38.2 
37.8 
η 
18 
22 
23 
23 
23 
23 
32 
34 
33 
25 
25 
25 
non-cleft group 
P25 
23.3 
24.3 
26.8 
28.7 
29.9 
30.4 
32.3 
33.7 
34.2 
34.7 
35.0 
35.1 
P50 
24.6 
25.6 
28.2 
29.7 
30.8 
32.2 
34.0 
35.1 
35.6 
36.1 
36.2 
36.4 
P75 
25.5 
26.6 
29.7 
30.7 
32.1 
34.2 
35.1 
36.3 
37.1 
37.7 
37.1 
37.3 
** 
** 
** 
*+ 
** 
+ 
ns 
ns 
ns 
ns 
ns 
* 
ns = not significant; 
ρ < 0.05; ρ < 0.01 
Table 2-6: Lateral alveolar segment length (T-C). 
age 
0 
1 
3 
6 
9 
12 
18 
24 
30 
36 
42 
48 
η 
20 
23 
26 
26 
25 
25 
22 
21 
21 
21 
19 
18 
BCLP 
P25 
16.0 
16.5 
17.5 
17.7 
18.4 
20.2 
20.4 
20.8 
20.3 
20.0 
20.3 
20.3 
group 
P50 
16.8 
17.7 
18.4 
19.6 
20.5 
21.3 
21.7 
22.0 
22.4 
22.4 
22.2 
22.3 
P75 
18.8 
18.7 
20.0 
20.9 
21.7 
22.9 
24.0 
23.6 
23.2 
23.4 
23.8 
23.9 
η 
18 
22 
23 
23 
23 
23 
32 
34 
33 
25 
25 
25 
non-cleft group 
P25 
16.7 
17.3 
18.7 
19.6 
20.0 
20.7 
21.8 
22.3 
23.3 
24.2 
24.4 
25.0 
P50 
17.2 
17.8 
19.8 
20.4 
21.4 
22.8 
22.9 
23.7 
24.3 
24.8 
25.2 
25.3 
P75 
18.4 
19.0 
20.8 
21.7 
22.8 
23.5 
23.5 
24.8 
25.1 
26.2 
26.0 
26.7 
ns 
ns 
** 
* 
* 
ns 
ns 
** 
** 
** 
** 
** 
ns = not significant; 
ρ < 0.05; 
ρ < 0.01 
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Table 2-7: 
age 
0 
1 
3 
6 
9 
12 
18 
24 
30 
36 
42 
48 
η 
20 
23 
26 
26 
25 
25 
22 
21 
21 
21 
19 
18 
Midline deviation (M2-I-PR2). 
BCLP 
P25 
2.9 
3.4 
2.4 
2.4 
2.3 
1.3 
1.9 
1.6 
1.7 
1.9 
2.0 
1.2 
group 
P50 
4.6 
4.7 
4.3 
4.4 
4.4 
3.9 
3.9 
3.7 
3.9 
3.6 
3.3 
3.6 
P75 
6.9 
7.7 
8.4 
7.4 
7.7 
6.1 
6.5 
6.1 
6.1 
5.5 
5.3 
5.9 
η 
18 
22 
23 
23 
23 
23 
32 
34 
33 
25 
25 
25 
non-
P25 
0.6 
1.3 
0.8 
0.7 
0.8 
0.7 
0.5 
0.5 
0.7 
0.3 
0.6 
0.7 
cleft group 
P50 
1.6 
1.9 
2.3 
1.5 
1.0 
1.4 
0.9 
1.1 
1.3 
0.8 
1.2 
1.0 
P75 
2.8 
2.9 
3.0 
2.3 
1.9 
2.6 
2.0 
2.1 
2.1 
1.4 
2.1 
1.8 
*+ 
++ 
** 
** 
** 
** 
** 
** 
+* 
** 
** 
** 
< 0.01 
Tabic 2-8: Segmental angle (С-Т-Г). 
age 
0 
1 
3 
6 
9 
12 
18 
24 
30 
36 
42 
48 
ns = 
η 
20 
23 
26 
26 
25 
25 
22 
21 
21 
21 
19 
18 
BCLP 
P25 
84.8 
83.6 
82.6 
85.3 
83.9 
83.1 
80.3 
79.3 
76.6 
75.5 
74.7 
72.4 
not significant; 
group 
P50 
89.3 
86.6 
88.6 
89.2 
90.1 
86.4 
82.8 
80.9 
79.1 
77.2 
75.7 
74.3 
P75 
92.3 
91.7 
91.9 
93.6 
92.4 
91.3 
89.6 
86.6 
83.9 
81.1 
79.2 
77.4 
* = P 
η 
18 
22 
23 
23 
23 
23 
32 
34 
33 
25 
25 
25 
< 0.05; 
non-cleft group 
P25 
87.0 
86.7 
86.5 
85.9 
85.4 
84.5 
84.7 
82.6 
82.9 
83.1 
81.9 
81.7 
P50 
89.0 
89.4 
88.5 
87.0 
86.8 
86.3 
86.4 
86.0 
84.7 
84.6 
83.9 
83.5 
** = P 
P75 
91.7 
91.6 
90.5 
90.2 
89.6 
87.6 
88.8 
88.6 
87.2 
86.5 
86.4 
86.2 
< 0.01 
ns 
ns 
ns 
ns 
ns 
ns 
* 
** 
** 
** 
*+ 
** 
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From six months of age on total arch depth did decrease slowly in the BCLP 
group, while in the control group a continuous increase was shown. Over the 
entire investigated period in the BCLP group only a slight increase of IPr2 
was observed, while the control group showed a substantial increase in total 
arch depth during the same period. At four years of age the BCLP group 
showed even a smaller total arch depth than the control group. 
At birth, the lateral segment length T-C (Table 2-6) did not differ 
between BCLP babies and non-cleft babies. In the BCLP group T-C length 
increased until 18 months of age and remained stable thereafter. In the 
control group a continuous increase of the T-C distance was observed 
between zero and four years of age. At three, six and nine months of age T-
C distance was significantly smaller in the BCLP group. From two years of 
age T-C length remained significantly smaller in the BCLP group. 
A significant midline deviation as measured by the angle M2IPr2 
(Table 2-7) was seen over the entire investigated period in the BCLP group. 
However, it diminished slightly from 4.6° at birth date towards 3.6° at four 
years of age. 
Angle CTT' (Table 2-8) did not change markedly during the first nine 
months of age. No significant differences between BCLP and controls could 
be observed over this period. From 12 months of age on it became 
significantly smaller in the BCLP group. 
2.5 Discussion and conclusions 
In this study maxillary arch dimensions were studied in boys with a complete 
BCLP from zero to four years of age and compared with a non-cleft control 
group. Most studies concerning alveolar arch dimensions in children with 
BCLP were not subdivided by gender. Nyström and Ranta (1989) 
differentiated between boys and girls in their study, but for the statistical 
analysis they grouped them together in order to increase the number of BCLP 
cases. Our BCLP group originally consisted of 26 boys and four girls. 
Because of the low number of BCLP girls this study was limited to boys 
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only. However, by analogy with non-cleft children, where sex-differences 
were found, we included only boys for the statistical analysis (Nyström and 
Ranta, 1989). 
Measurement errors ranged from 0.3 to 0.5 mm for distances and from 
0.5° to 1.2° for angles, which is considered to be acceptable (Seckel et al., 
1995). The distance T-C was used to determine the growth of the lateral 
segments. T-L, whit L being the most anterior point of the alveolar crest of 
the lateral segment, was not taken, because point L is not identifiable in the 
control group. Moreover, it is often difficult to identify point L in BCLP 
children because soft tissue irregularities at the end of the lateral segments 
are often present. 
At birth, babies with bilateral cleft lip and palate demonstrated 
significantly greater maxillary arch widths compared to non-cleft individuals. 
Anterior and total arch depths were also significantly larger than in the 
control group. At birth the P50 anterior arch depth of 15.8 mm is more than 
twice that of the control sample (7.1 mm), which is ascribed to the 
unrestricted growth of the premaxilla in the BCLP patients (Latham, 1971; 
Friede and Pruzansky, 1972; King et al., 1979). Similar results were found 
by Huddart (1969), Harding and Mazaheri (1972), Robertson et al. (1977) 
and Kramer (1994). This study also revealed a high variation of midline 
deviation at birth in the BCLP group. Huddart (1969) also observed an 
extreme variation of the position of the premaxilla. This contrasts with the 
findings of Wada et al. (1984) who found symmetry in all stages. In their 
study, however, the intertragea line was used as reference line instead of 
intertuberosity line, which might explain some of these differences. 
From six to 18 months the intercanine width reduced markedly. This 
points to an anterior collapse of the lateral alveolar segments in BCLP 
children, while intertuberosity width showed a stabilization rather than a real 
decrease after cheiloplasty. The study of Harding and Mazaheri (1972) 
showed a reduction in intertuberosity width after lip closure. In the studies of 
Wada et al. (1984), Kramer et al. (1994) and Honda et al. (1995) 
intertuberosity width did not seem to be affected by cheiloplasty. Arch 
collapse could not be avoided in the BCLP group, notwithstanding the use of 
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acrylic plates after lip closure. However, in the study of Harding and 
Mazaheri (1972), where patients did not wear any plates, an anterior arch 
collapse of 3 millimetres was observed, while the mean collapse in our study 
was limited to only 1 millimetre. From nine to 12 months a marked decrease 
of anterior alveolar arch depth as well as the total arch depth was observed. 
Pressure of the closed lip increased by scar tissue can be responsible for the 
observed phenomena (Bardach, 1990). In the present BCLP group extra-oral 
traction applied before lip surgery from birth to six months of age had an 
inhibiting but no decreasing effect on arch depths, which is contrary to the 
findings of Robertson et al. (1977) and Kramer et al. (1992). A lower force 
applied by the extra-oral traction may be responsible for these differences. 
From 12 months of age and thereafter arch depths showed a slight catch-
up growth, while the intertuberosity width showed hardly any growth until 24 
months. The study of Harding and Mazaheri (1972) also revealed little 
influence of palatoplasty on transverse posterior palatal arch dimensions. The 
fact that posterior arch width remained stable from 12 months to 24 months 
and increased thereafter might indicate a temporary effect of palatal surgery 
on posterior transverse maxillary growth. Anterior arch width continued to 
diminish, resulting in a segmental angle that was significantly different in the 
BCLP group from the non-cleft group. However, it is difficult to conclude 
whether this decrease should be considered as a late lip closure effect or 
should be attributed to soft palate closure. 
From two to four years of age on the BCLP group showed significantly 
smaller anterior arch widths as well as smaller segmental angles (C-T-T') 
than the control group. The lengths of the lateral alveolar segments did not 
increase. They became significantly smaller than in the non-cleft group. 
Decreased growth at the tuber maxillare due to scar tissue (Ross, 1987) 
and/or continued lip pressure at the anterior part of the alveolar segments 
may be a reason for this. Posterior arch width (T-T') increased again and 
became significantly wider again in the BCLP group from the age of three 
years on. This catch-up growth of T-T' was also reported by Harding and 
Mazaheri (1972) and Krogman et al. (1982). 
At four years of age palatal arch measurements differed significantly 
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from the non-cleft boys for all distances and angles measured in this study. 
However, intercanine width and total arch depth, which were significantly 
larger at birth, became significantly smaller at four years of age. The 
segmental angle did not differ from the controls at birth, but became 
significantly smaller at four years of age. In the study by Wada et al. (1984) 
the same findings were found and in the study of Nyström and Ranta (1989), 
where lip adhesion instead of extra-oral strapping was performed, anterior 
arch collapse was considerably larger at three years of age. A previous 
investigation on dental arch dimensions from three to 17 years of age showed 
similar findings (Heidbüchel and Kuijpers-Jagtman, 1997). 
As a conclusion we may state that during the first four years of life 
maxillary arch development in children with a complete bilateral cleft never 
shows a growth curve comparable to non-cleft children. At birth most 
maxillary arch distances are larger in BCLP than in non-cleft children. At 
four years of age the opposite is true for many of the dimensions. Distinct 
changes, probably related to surgical lip closure, occur. In our sample the 
influence of soft palate closure appeared to be less important. 
Finally, we want to emphasize that the changes in arch form that were 
found in the present BCLP boys are specifically related to the treatment 
protocol used at the University Hospital of Nijmegen. This study can be 
viewed as descriptive and exploratory, and thus multiple comparison 
corrections are not formally provided. We hope that the information of the 
present study can be used for comparison by other studies on BCLP boys 
treated following another protocol or by studies on unoperated BCLP boys. 
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Effects of early treatment 
3.1 Summary 
The present investigation analyses longitudinally the effects of early 
orthopaedic and/or surgical treatment on maxillary alveolar arch development 
in 30 children with a complete bilateral cleft lip and palate. Palatal arch 
dimensions were measured on dental casts and their growth velocities during 
different treatment periods were calculated. Differences in growth velocities 
between consecutive treatment periods were examined and statistically tested. 
Furthermore, growth velocities were compared with those of 80 non-cleft 
children. 
Before lip closure growth of the intercanine width of children with a 
BCLP and non-cleft children was comparable. Only for arch depths 
significantly less growth was observed in comparison with the control group. 
After lip closure intercanine width, arch depths and segmental angle 
diminished. During the intersurgical period arch form seemed to adapt to a 
new muscular balance. Immediately after soft palate surgery growth of the 
intercanine width and intertuberosity width was restricted. This negative 
growth was compensated in the postsurgical period, where even a catch-up 
growth of intertuberosity width was observed. 
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3.2 Introduction 
Bilateral complete cleft lip and palate is the most difficult type of the more 
common oral clefts to rehabilitate. The protrusion of the premaxilla, the 
underdevelopment of the columella and the distortion of the maxillary lateral 
alveolar segments are major concerns (Huddart, 1969; Friede and Pruzansky, 
1972; Robertson et al, 1977; Wada et al, 1984; Kuijpers-Jagtman, 1989; 
Berkowitz, 1996). In the first years of life several interventions are 
necessary, but consensus about treatment and treatment planning does not 
exist up till now. Surgeons have not reached consensus regarding type and 
timing of lip and palatal closure (Berkowitz, 1996). Similarly, orthodontists 
have not reached agreement on early management of the alveolar segments. 
Some have promoted the use of active or passive intra-oral appliances in 
order to normalize alveolar segment position before lip closure (Huddart, 
1969; Robertson et al., 1977; Peat, 1982; Nolst Trenité et al, 1990). This 
would enable the surgeon to operate with less tension of the soft tissues 
hopefully producing better cosmetic and functional results. Others have 
advocated the use of extra-oral strapping placed over a prominent premaxilla 
to facilitate lip closure (Robertson et al., 1977; Honda et al., 1995). Lip 
adhesion is also a means used in order to retract a protrusive premaxilla 
before lip closure (Randall, 1965; Walkner et al, 1966). 
In order to improve the treatment of bilateral cleft lip and palate 
children, it is important to analyze maxillary arch development in a group 
treated following a consistent treatment protocol and to compare it with non-
cleft individuals. Such data can serve as a basis for comparing the results of 
different treatment procedures. The differences between BCLP and non-cleft 
children in early maxillary arch development have already been studied by 
several investigators (Huddart, 1969; Harding and Mazaheri, 1972; Wada et 
al, 1984; Nystròm and Ranta, 1989; Kramer, 1994; Kramer et al, 1994). 
However, in only a few investigations the longitudinal follow-up was three 
years or more (Harding and Mazaheri, 1972; Wada et al, 1984) and the 
number of BCLP cases was seldom more than 20 (Huddart, 1969; Wada et 
al, 1984; Kriens, 1991). Furthermore, in most studies a control group of 
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non-cleft children was not included (Friede and Pruzanski, 1972; Robertson 
et ai, 1977; Kramer, 1994; Honda et al., 1995). 
In a previous study (Heidbüchel and Kuijpers-Jagtman, 1997) it was 
found that already from the age of three years maxillary arch dimensions of 
children with bilateral cleft lip and palate differed from children without 
clefts. This raised the question whether those differences were already 
apparent at birth and/or whether they were introduced by early orthopaedic or 
surgical interventions. The present investigation aims to analyze 
longitudinally treatment effects by comparing growth velocities between 
BCLP and non-cleft children at consecutive treatment periods during the first 
four years of age. 
3.3 Material and methods 
Thirty children, 26 boys and four girls, with a complete bilateral cleft lip, 
alveolus and palate were evaluated in this study. In none of these children 
soft tissue bridges were present. They were all of Caucasian Dutch origin and 
had no other anomaly than the oral cleft. They were all treated at the cleft lip 
and palate Center of the University Hospital of Nijmegen, where they were 
registrated within six weeks after birth. 
All babies underwent presurgical orthopaedic treatment according to 
Hotz and Gnoinski (1976, 1987). By the use of an acrylic plate in the upper 
jaw and extra-oral strapping the three alveolar segments were guided towards 
a more favourable position prior to lip closure. The lip was closed in one 
stage using a modified Manchester (1970) technique. Mean age of lip closure 
was 220 days. After lip closure until soft palate closure the plate (without 
elastic strapping) was worn in order to retain the corrected segmental 
position. Soft palate repair was carried out by the Von Langenbeck technique 
at a mean age of 398 days. All surgical procedures for lip and palate were 
carried out by the same two surgeons. 
Orthodontic plaster casts were obtained at the following stages: shortly 
after birth (A), prior to (B) and six weeks after (C) lip closure, prior to (D) 
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and six weeks after (E) soft palate closure and at four years of age (F) 
(Fig. 3-1). The periods between these stages are named: presurgical period 
(AB), lip period (ВС), intersurgical period (CD), palatal period (DE) and 
postsurgical period (EF). On the plaster casts measurement points together 
with the constructed points were determined and marked according to the 
methods of Sillman (1964) and Robertson et al. (1977). The points were 
digitized by the use of the Reflex Microscope (Reflex Measurement Ltd. 
Hadley House, Waterline, Butleigh, Somerset, BA68SP, UK) and their 
coordinates were computerized. 
Twenty randomly selected plaster casts covering the full age range were 
digitized twice by the same person in order to compute the measurement 
error. 
Stage 
λ 
Age/months 
Presurgical period 
Lip period 
Intersurgical period 
Palatal period 
Postsurgical period 
Figure 3-1: Time schedule of early treatment in BCLP. 
Stages: A: shortly after birth; B: prior to lip closure; C: six weeks 
after lip closure; D: prior to soft palate closure; E: six weeks after soft 
palate closure; F: four years of age. 
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Maxillary arch dimensions were calculated from the coordinates (Fig. 3-2). 
Figure 3-2: Points digitized on dental casts: Point I (Incisai point): point on the 
top of the alveolar crest where the incisive papilla and labial frenulum 
meet, or a point on the tip of the interdental papilla between the 
central incisors; Point Al: most ventral point of the premaxilla 
contour; Point A2: most dorsal point of the premaxilla contour; Point 
Ρ and P' : most lateral points of the premaxilla contour on a 
continuation of the line marking the crest of the ridge; Point С and С 
(Cuspid points): where the lateral sulcus crosses the crest of the 
alveolar ridge, or the distal anatomical contact point of the deciduous 
canine; Point Q and Q' (Gingival groove points): points at the 
intersection of the gingival groove and the lateral sulcus; Point Τ and 
Τ (Tuberosity points): the posterior limit of the tuber maxillare in the 
sulcus where the raphe pterygo-mandibularis adheres, or the most 
distal point on the second deciduous molar. 
Computer constructed points: Point Pr l : projection of point I on 
the line C-C; Point Pr2: projection of point I on the line T-T'. 
Calculated distances or angles: P-P': premaxilla width; A1-A2: 
premaxilla depth; C-C': intercanine width; Q-Q': anterior 
interalveolar width; T-T': intertuberosity width; I-Prl: anterior arch 
depth; I-Pr2: total arch depth; C-T-T': segmental angle. 
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For each child mean growth velocity (increase/year) of the maxillary arch 
dimensions for the different treatment stages was computed and the medians 
together with P25 and P75 were calculated. In order to estimate the influence 
of surgery the differences in growth velocity between consecutive periods 
were tested using the Wilcoxon signed rank test. 
The control group consisted of 642 dental casts of 80 children collected 
at the University Hospital of Amsterdam. All children were of Caucasian 
Dutch origin, they were full term and had no congenital anomaly. 
Impressions of the upper jaw were taken immediately after birth and at the 
ages of 3, 6, 9, 12, 18, 24, 30, 36, 42 and 48 months. From each child two 
to 11 models were available. Digitizing and calculation of distances was 
performed as described for the BCLP group. From these measurements mean 
growth curves were constructed. For each child in the BCLP group the mean 
velocity between the stages were calculated and compared to the mean 
velocity for the control group during the same period. The differences in 
growth velocity were tested using a t-test. 
Finally, in order to predict alveolar arch form in BCLP babies, dental 
casts were scored at 18 months of age (after soft palate closure) and at four 
years of age by two independent orthodontists using a four point-scale 
(Fig. 3-3). 
Figure 3-3: Plaster casts scored following a qualitative score for arch form using a 
four point scale. From left to right and from very good to very bad: 
Score 1. large and round arch form; Score 2. round, but slightly 
collapsed arch form; Score 3. triangular, but slightly collapsed arch 
form; Score 4. triangular and collapsed arch form. 
62 
Effects of early treatment 
Point one means that a large and round arch form was achieved, whilst point 
four was given in case of a very bad, triangular and collapsed or very 
asymmetric arch form. Thereafter correlation coefficients between these 
scores and the arch dimensions measured at birth were calculated. 
3.4 Results 
The measurement errors of the observed distances varied from 0.2 to 0.5 mm 
and the error of C-T-T' angle was 1.2 degree. 
Tables 3-1 to 3-4 show the percentiles of the growth velocities of the 
measured distances and angles during the different periods, as well as the 
statistical differences between consecutive periods. Tables 3-2 to 3-4 show 
also the differences in growth velocities between BCLP and controls. 
Growth velocity of the premaxilla width (P-P') diminished with age, but 
no statistical difference was found between consecutive periods (Table 3-1-1). 
Growth velocity of the ventro-dorsal width of the premaxilla (A1-A2) in 
the BCLP group was positive in the presurgical period (AB). From the lip 
period on it changed significantly and became negative. From the 
intersurgical period on hardly any growth was observed (Table 3-1-2). 
Prior to lip closure intercanine width (C-C) showed a positive growth 
velocity, which was not significantly different from the control group. From 
the lip period (ВС) up to and including the palatal period growth velocity of 
intercanine width became negative, which means that it diminished. Growth 
velocities of both groups were significantly different during this period. The 
lowest negative scores, as well as the largest differences with the control 
group, were noted at the time around lip and soft palatal closure. During the 
postsurgical period (EF) intercanine growth velocity became slightly positive 
again, but remained significantly less than in the control group (Table 3-2-1). 
Similar findings were found for the distance Q-Q' (Table 3-2-2). Growth 
velocity of the intertuberosity width (T-T') became slightly negative in the 
period of lip closure (ВС). In the stage between lip and palatal closure (CD) 
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Table 3-1: Percentiles of growth velocities (mm/year) of premaxilla width and 
depth during consecutive treatment periods from 0-4 years of age. 
Differences of growth velocities between consecutive periods were 
tested with the Wilcoxon Matched-pairs signed rank test (it). 
period P25 P50 P75 # 
3-1-1: Premaxilla width (P-P'). 
presurgical 30 
lip 26 
intersurgical 25 
palatal 23 
postsurgical 17 
3-1-2: Premaxilla 
presurgical 30 
lip 26 
intersurgical 25 
palatal 23 
postsurgical 17 
ns = not significant 
2.3 
-2.3 
-2.2 
-2.6 
0.0 
depth (A1-A2). 
0.7 
-9.2 
-4Λ 
-3.5 
-0.5 
5.1 
3.0 
1.0 
1.1 
0.3 
2.5 
-3.3 
-0.2 
0.9 
0.0 
** = P 
6.3 
9.4 
4.0 
3.3 
0.5 
4.4 
2.4 
1.0 
5.0 
0.2 
< 0.01 
] ns 
] ns 
] ns 
] ns 
] * * 
] ns 
] ns 
] ns 
growth the velocity became slightly positive, but during the palatal period a 
negative growth velocity was noted again, which was significantly different 
from the period before and after. When compared to the control group, 
growth velocity of the BCLP group was significantly less than in the control 
group during this palatal period. In the postsurgical period the growth 
velocity increased significantly and became even significantly higher than that 
of the control group (Table 3-2-3). 
For the anterior arch depth (I-Prl) of the maxilla growth velocity was 
close to zero in the BCLP group during the first period (AB) and significantly 
different from the controls (Table 3-3-1). The growth velocity changed 
significantly in the period of lip closure, from a positive to a negative value. 
In comparison with the control group growth velocity was also significantly 
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Table 3-2: Percentiles of growth velocities (mm/year) of maxillary arch widths 
during consecutive treatment periods from 0 - 4 years of age. 
Differences of growth velocities between consecutive periods were 
tested with the Wilcoxon Matched-pairs signed rank test (ti). A 
comparison was also made with non-cleft children and tested with the 
student t-test ($). 
Period η P25 
3-2-1: Intercanine width (C-C). 
presurgical 
lip 
intersurgical 
palatal 
postsurgical 
30 
26 
25 
24 
18 
-2.6 
-14.2 
-6.4 
-16.2 
-0.8 
P50 
3.6 
-8.8 
-2.2 
-9.9 
0.3 
3-2-2: Anterior interalveolar width (Q-Q'). 
presurgical 
lip 
intersurgical 
palatal 
postsurgical 
30 
26 
25 
24 
18 
-2.1 
-13.9 
-6.5 
-21.0 
-1.2 
3-2-3: Intertuberosity width (Τ-Γ) 
presurgical 
lip 
intersurgical 
palatal 
postsurgical 
30 
26 
25 
24 
18 
ns = not significant 
-3.6 
-8.5 
-0.9 
-11.4 
1.7 
2.5 
-8.6 
-2.8 
-14.2 
-0.3 
2.4 
-0.9 
1.2 
-5.3 
2.2 
P75 
6.1 
-4.3 
1.7 
-0.8 
0.6 
4.6 
-4.3 
0.4 
-5.0 
0.0 
4.7 
14.3 
6.0 
1.0 
3.1 
• = ρ < 0.05 
# 
Ί ** J 
1 * J 
] ns 
1 ** J 
1 ** J 
1 ** J * 
1 *+ J 
1 ** J 
1 nc 
J l ia 
] ns 
Ί *• J 
1 ** J 
BCLP control 
-0.5 
-11.5 
-6.9 
-11.9 
-0.8 
-1.0 
-9.0 
-0.1 
-14.1 
-0.6 
-3.4 
-1.3 
-1.1 
-10.4 
0.8 
** = ρ < 0.01 
$ 
ns 
** 
* + 
** 
* 
ns 
** 
ns 
** 
* 
* 
ns 
ns 
+ * 
+ 
lower in the BCLP group. This negative growth diminished significantly 
again in the intersurgical period, although the growth velocity remained 
significantly less than in the control group. Thereafter, growth velocity 
became positive again. In these two last periods no difference with the 
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Table 3-3: Percentiles of growth velocities (mm/year) of maxillary arch depths 
during consecutive treatment periods from 0-4 years of age. 
Differences of growth velocities between consecutive periods were 
tested with the Wilcoxon Matched-pairs signed rank test (ft). A 
comparison was also made with non-cleft children and tested with the 
student t-test ($). 
Period η P25 
3-3-1: Anterior arch depth (I-Prl) 
presurgical 30 
lip 26 
intersurgical 25 
palatal 24 
postsurgical 18 
-2.8 
-37.5 
-6.7 
-2.2 
-0.7 
3-3-2: Total arch depth (I-Pr2). 
presurgical 30 
lip 26 
intersurgical 25 
palatal 24 
postsurgical 18 
ns = not significant 
-1.3 
-24.4 
-3.1 
-2.6 
-1.1 
P50 
0.1 
-15.9 
-0.8 
2.2 
0.1 
2.8 
-10.3 
3.7 
1.5 
-0.2 
* = P 
P75 
2.5 
-0.8 
1.9 
9.2 
0.6 
8.7 
1.3 
5.1 
9.5 
0.4 
< 0.05; 
» 
]•· 
] * * 
] ns 
] * 
1 * 
J 
] ns 
] ns 
BCLP control 
-3.9 
-21.8 
-6.8 
1.3 
-0.2 
-15.9 
-4.7 
-0.8 
-1.5 
** = ρ < 0.01 
$ 
+ * 
** 
* 
ns 
ns 
** 
** 
ns 
ns 
** 
controls was found. 
The growth velocity of the total maxillary arch depth (I-Pr2) was 
negative in the lip period (ВС). In this period as well as in the earlier period 
(AB) a significant lower growth velocity was found in the BCLP group than 
in the control group. In the intersurgical period growth velocity became 
positive again in the BCLP group. In the postsurgical period growth velocity 
of total arch depth became significantly less than in the control group 
(Table 3-3-2). 
Growth velocity of C-T-T' became negative in the lip period. The BCLP 
group showed in this period a significant more negative growth velocity than 
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Table 3-4: Percentiles of growth velocities (degrees /year) of segmental angle 
during consecutive treatment periods from 0 - 4 years of age. 
Differences of growth velocities between consecutive periods were 
tested with the Wilcoxon Matched-pairs signed rank test (#). A 
comparison was also made with non-clefi children and tested with the 
student t-test ($). 
Period η P25 
3-4: Segmental angle (C-T-T). 
presurgical 30 -4.8 
lip 26 -41.5 
intersurgical 25 -21.8 
palatal 24 -23.4 
postsurgical 18 -3.8 
ns = not significant 
P50 
0.8 
-13.1 
-3.6 
-0.3 
-2.1 
* = P 
P75 
5.7 
2.9 
4.3 
25.9 
-1.2 
< 0.05; 
# 
] * 
] ns 
] ns 
] ns 
BCLP control 
-0.0 
-17.9 
-7.4 
3.5 
-1.3 
** = ρ < 0.01 
$ 
ns 
** 
ns 
ns 
* 
the control group. This negative growth diminished in the following stages 
(Table 3-4). 
A significant but low correlation was found between the distance Q-Q' at 
birth and the arch form at the age of 18 months (r = -0.24, Ρ < 0.01) and 
four years (r = -0.22, Ρ < 0.05). The greater this distance was at birth, the 
better the arch form was at 18 months and four years of age. No significant 
correlations were found for other distances and angles. 
Figure 3-4 shows the dental casts of one child with a complete bilateral 
cleft lip and palate at the six different treatment stages. 
3.5 Discussion 
In this study the effects of orthopaedic treatment and lip and soft palate 
closure on maxillary alveolar arch development were examined. Because 
growth velocity instead of actual dimensions were used for evaluating the 
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Figure 3-4: Dental casts of one child with a complete BCLP at the six different 
treatment stages. A: (from upper to lower) shortly after birth, prior to 
and six weeks after lip closure. B: (from upper to lower) prior to and 
six weeks after soft palate closure and at four years of age. 
data, data of males (n = 26) and females (n = 4) could be combined. Not all 
anatomical points measured in the palates of the BCLP children are present in 
the non-cleft control group. This holds true for the anatomical points P, P' 
and A2. Therefore, it was not possible to compare all BCLP measurements 
with the non-cleft control group. In the following paragraphs the different 
treatment periods are discussed in chronological order. 
During the period prior to lip closure none of the measured distances or 
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angles decreased. This means on one hand, that in the BCLP group growth 
was allowed to take place during this period of orthopaedic treatment. The 
shape of the appliance, with a hard core and soft borders and the fact that a 
new plate was made every six weeks, may be responsible for this. On the 
other hand, arch depths and intertuberosity width showed less growth than 
the controls during the same period, which points to restraining influences. 
With respect to arch depth, the extra-oral strapping probably had indeed a 
favourable effect on the forward growth of the premaxilla, since anatomical 
and histological analysis of the neonatal premaxillary deformity in BCLP 
presume an excessive growth of the premaxilla (Latham, 1971; King et al, 
1979). In contrast to our results, the studies of Robertson et al. (1977) and 
Kramer et al. (1992) showed negative growth velocity of the total arch depth 
in BCLP during three months of orthopaedic treatment in combination with 
extra-oral strapping. The use of large extra-oral forces (Kramer et al., 1992) 
and the fact that the investigated period was three instead of six months may 
be the reason for the different results. Concerning the diminished growth of 
the intertuberosity distance, it can be probably ascribed to the wearing of the 
plate, which holds the palate off from the outward pull of the clefted palatal 
muscles. Moreover, in contrast to the frontal side of the plate, which is 
grinded away at least every three weeks, the tuber side was left unchanged 
during this period (Hotz and Gnoinski, 1976). Additionally, a positive growth 
velocity in transverse width of the premaxilla was observed during the same 
period, while growth velocity of the premaxilla depth was less and even 
negative after lip closure. This means that the shape of the premaxilla 
changed: it became flatter and broader. This may be due to the pressure of 
the extra-oral strapping and, afterwards, of the closed lip. Another reason can 
be the development of tooth buds followed by the eruption of the deciduous 
upper incisors (Berkowitz, 1996). 
During the six weeks after lip closure the intercanine width, the arch 
depths and the segmental angle were significantly restrained in their growth 
as compared to the non-cleft group. The same dimensions together with the 
premaxilla depth showed significantly less growth during this period than 
during the presurgical one. It shows an immediate effect of lip closure on 
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maxillary arch shape. Such an immediate effect has already been reported by 
Kramer (Kramer et al., 1994) in children with a bilateral cleft lip and palate. 
He attributed this to the tension of the lip together with the swelling 
immediately after lip closure. Bardach (1990) also observed increased lip 
pressure after surgery. Although in the present study all children with a 
BCLP did wear an orthopaedic appliance, which was re-inserted within 24 
hours after lip surgery, the effects of lip closure could not be avoided. In a 
previous study (Heidbüchel et al., 1997), however, we found an anterior arch 
width collapse of only 1 millimetre after lip closure, whereas in the study of 
Harding and Mazaheri (1972), where no orthopaedic treatment was 
performed, an anterior collapse of 3 millimetres was observed. A randomized 
clinical trial is needed to evaluate the morphological effects of orthopaedic 
versus non-orthopaedic treatment. 
During the intersurgical period growth of the palatal arches changes into 
the direction of the non-cleft controls. This points to a new balance of the 
oral musculature after lip closure. Only the growth velocity of the intercanine 
width (C-C) and the anterior arch depth remained significantly less than in 
the control group, which may be attributed to a late effect of lip closure. A 
catch-up growth as reported by Honda (Honda et al., 1995) was not 
observed. In our group the intersurgical period was probably too small to 
recognize a catch-up growth. 
During the six weeks period after soft palate closure negative growth 
velocities were observed again. This time the growth of the intercanine width 
(C-C) together with the growth of the intertuberosity width were restricted. 
The effect on anterior arch width in BCLP may be explained by the fact that 
the plate, which was worn as a retention device until soft palate closure was 
left out now. The decrease of intercanine width can thus be seen as a 
postponed effect of lip surgery. The collapse of posterior arch width may be 
attributed to the soft palate closure itself. In the study of Harding and 
Mazaheri (1972), where no early orthopaedics were performed, only 
posterior arch width collapsed after palatoplasty. During this period growth 
of the arch depths showed no significant differences anymore with the non-
cleft group, which was also observed by Harding and Mazaheri (1972). The 
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fact that only the soft palate was closed in our BCLP group may be a reason 
for this (Kramer, 1994). 
In the postsurgical period the negative effect on growth as observed after 
lip and palatal closure seemed to diminish. A slight positive growth velocity 
of anterior and posterior arch width was observed again. Growth of the 
intertuberosity width became even larger than in the control group. This type 
of catch-up growth has already been described in other investigations 
(Harding and Mazaheri, 1972; Krogman et al, 1982). 
For treatment planning it would be useful to predict maxillary arch 
development from clinical findings at birth, it would allow the cleft palate 
team to make an individual treatment plan. The anterior interalveolar width 
(C-C), however, was the only width that showed significant small 
correlations with arch form at 18 months and four years of age. The 
prediction of arch form in BCLP children from this distance (C-C), should 
be interpreted with caution, because correlations are not low and because 
only two of the 16 tested correlations were statistically significant, there is a 
risk of false significance. 
It can be concluded that in the presurgical period growth can be 
observed. The sagittal growth, however, is less than in the non-cleft group 
during this period, which is attributed to extra-oral strapping. Immediately 
after lip and soft palate closure the largest effects on maxillary alveolar 
development are demonstrated. After lip closure anterior arch depth and 
width are most affected, while palatoplasty only influences arch widths. 
When these immediate effects of the surgical interventions have taken place, 
a new muscular balance seems to be achieved. 
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Dental age in BCLP 
4.1 Summary 
Objective: to assess dental age in children with a complete bilateral cleft lip 
and palate and to compare it with non-cleft children. 
Design: In 74 children (54 boys and 20 girls) with a BCLP dental age was 
estimated from 233 orthopantomograms. Non-linear regression curves were 
made between 3.5 to 18 years of age, for boys and girls respectively. At 
three different ages, namely 5, 9.5 and 14 years of age, a comparison was 
made with Dutch children (90 girls and 91 boys) without oral clefts. 
Setting: Data collection was carried out at Cleft Palate Center, University 
Hospital of Nijmegen (The Netherlands). The normative sample was taken 
from the Nijmegen Growth Study. 
Results: At five years of age the BCLP boys showed a statistically significant 
delay in dental age in comparison with the non-cleft boys. After that age no 
differences in dental age were found anymore. For girls no difference in 
dental age with the non-cleft girls could be found. 
Conclusion: Dental age in BCLP showed a tendency to be delayed at five 
years of age. At the ages of 9.5 and 14 years of age no differences were 
found. Further investigation on the development of individual teeth is 
suggested in order to bring more insight about the origin of this delay. 
75 
Chapter 4 
4.2 Introduction 
In children with a bilateral cleft lip and palate dental abnormalities are more 
often seen than in non-cleft individuals. Abnormalities in size, shape, number 
and position of the teeth are frequently observed (Olin, 1964; Harris and 
Hullings, 1990). Moreover, the dento-facial development in BCLP differs 
considerably from that of children without such clefts (Harding and 
Mazaheri, 1972; Heidbüchel et al., 1994; Heidbüchel and Kuijpers-Jagtman, 
1997). The dental development in children with a BCLP is given little 
attention in the literature. Nevertheless, knowledge of dental development is 
essential for orthodontic treatment planning and timing. Moreover, a delay in 
dental development may be related to other problems, such as growth 
attenuation and even learning disabilities (Lewis and Gam, 1960; Chertkow, 
1980; Loevy and Aduss, 1988). 
In children with a unilateral cleft lip and palate the dental development 
has been described to be delayed compared with that of non-cleft children 
(Bailit et al, 1968; Ranta, 1972, 1983, 1986; Prahl-Andersen, 1976; Harris 
and Hullings, 1990; Souren and Prahl-Andersen, 1994). Moreover, it was 
found that there is a considerable concordance for this delay between the 
maxillary and mandibular homologues (Harris and Hullings, 1990; Brouwers 
and Kuijpers-Jagtman, 1991). Teeth forming during the early postnatal period 
were most affected, while later forming ones were less delayed (Harris and 
Hullings, 1990). In the study of Nyström and Ranta (1988) it was found that 
the delay in dental age increased with increasing severity of the dental cleft. 
This investigation, however, did not include BCLP cases. Dental 
development in boys was found to be behind that of girls (Prahl-Andersen, 
1976; Souren and Prahl-Andersen, 1994). In the study of Prahl-Andersen 
(1976, 1979) a delay in dental development was only found in boys younger 
than nine years of age in comparison with non-cleft controls of the same 
population. 
The retardation in tooth formation has been postulated to be caused by 
genetic factors that were also responsible for the genesis of the oral cleft 
(Jordan et al., 1966), by some risk factors during gestation (Pöyry and 
76 
Dentai age in BCLP 
Ranta, 1986), by a debilitating postnatal environment such as recurrent upper 
respiratory infections, middle ear infections, sequential operations and feeding 
problems (Hunter, 1977) or by the indirect effects of the cleft on dental 
development, such as insufficient bone support or surgical interventions 
(Ranta, 1972). Furthermore, statistically significant differences were found 
for the place of birth (Pöyry et al., 1989) and for the population investigated 
(Nyström^a/., 1986; Loevy, 1983). 
Only a few studies have examined the pattern of tooth maturation in 
children with a bilateral cleft lip and palate and they show conflicting results. 
In the study of Haring (1983) on the eruption of central incisors and first 
molars the bilateral cleft group (n = 10) was found to have eruption ages 
lying between the non-cleft and the unilateral cleft group. In the study of 
Pöyry et al. (1989) a delay of seven months in the three to nine year old age 
BCLP group was found and two months in the eight to 14 year old age 
group. In the study of Peterka et al. (1996) on 82 BCLP boys a retardation in 
eruption was found in the permanent maxillary lateral incisor and the 
permanent maxillary first molar. Mandibular teeth were not examined in their 
study. Loevy and Aduss (1988) found no significant difference in tooth 
maturity between children with BCLP and non-cleft children. Perhaps the fact 
that only 34 orthopantomograms scattered over four age stages were 
assessed, lead to these results. 
The present study was designed in order to clarify these contradictory 
results. Dental development was assessed in 74 Dutch children with a 
complete bilateral cleft lip and palate and compared with a non-cleft control 
group out of the same population. 
4.3 Material and methods 
In this study 74 children (54 males and 20 females) with a complete bilateral 
cleft lip and palate were investigated. They were born between 1970 and 
1990 and were all of Caucasian origin. The children had no other congenital 
anomaly aside from a complete bilateral cleft lip and palate and were treated 
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at the Cleft Palate Center of the University Hospital of Nijmegen (the 
Netherlands). Of each patient one to seven panoramic radiographs were 
available, which made a total of 233 radiographs. The orthopantomograms 
were taken at the age of 3.5 until 18 years. 
The dental age was determined on orthopantomograms following the 
method of Demirjian et al. (1973) and Demirjian (1978). According to this 
method the stages of tooth formation of the seven left mandibular permanent 
teeth i.e. from the central incisor to the second molar, are assessed using an 
eight-stage scale. The earliest stage A is the beginning of the calcification, 
while in stage H the formation of the tooth has been completed. The letter 
scores are translated into a gender and tooth dependent numerical score 
derived from standard tables. The sum of the scores of the seven individual 
teeth is the total dental maturity score (0 to 100). This score is converted into 
a dental age using a table of standards for girls or boys. When teeth were 
missing, the third molar not included, the radiograph was excluded from this 
study. 
On each radiograph dental age was assessed. By means of these data 
mean growth curves of the dental age were constructed for boys and girls 
separately. 
The BCLP scores were compared with those obtained from records of 
non-cleft children of the Nijmegen Growth study (Prahl-Andersen et al., 
1979). Ninety boys and 91 girls were investigated. From this study 181 
orthopantomograms divided over three ages (5, 9.5 and 14 years of age) 
were available. Dental age was assessed by two investigators following the 
same method as in the BCLP group. 
At these three age stages differences in dental ages of BCLP and non-
cleft group were tested using the student t-test. 
To assess the reliability of the method 104 radiographs, divided over 
different age categories were assessed twice by two examiners. A paired t-
test was performed in order to test inter-observer agreement. 
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4.4 Results 
No statistically significant differences were found between the measurements 
of the two observers. The measurement errors ranged from 0.25 to 0.65 
years, depending on the age stage (Table 4-1). 
Table 4-1: Measurement error. 
chronological random error 
age in dental age 
< 5 0.35 y 
5 - 9.5 0.25 y 
9.5 - 14 0.55 y 
> 14 0.65 y 
Significant differences between the mean dental ages for boys and girls were 
found. Figures 4-1 and 4-2 show the non-linear regression lines of the dental 
age of BCLP children for boys and girls respectively. At the ages of 5, 9.5 
and 14 years the mean and standard deviations of dental age in the non-cleft 
group are given. 
Boys with a complete bilateral cleft lip and palate showed a statistically 
significant delay in dental age at five years of age (p < 0.05). Thereafter, at 
9.5 and 14 years of age no differences were found (Fig. 4-1). For girls with 
a BCLP no statistically significant differences with the non-cleft children 
were found. At 9.5 and 14 years of age mean dental age tended to be higher 
in the BCLP girls than in the controls (Fig. 4-2). 
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chronological age 
Figure 4-1: Non-linear regression lines of the dental age in boys with a BCLP. At 
the ages of 5, 9.5 and 14 years of age the means and standard 
deviations of dental age in the non-cleft boys are given. 
* = ρ < 0.05. 
4.5 Discussion 
In this study dental age was assessed in children with a complete BCLP and 
compared with non-cleft children at the ages of 5, 9.5 and 14 years. 
The dental age was determined on orthopantomograms following the 
method of Demirjian et al. (1973) and Demirjian (1978). According to this 
method the stages of tooth formation of the seven left mandibular teeth are 
assessed. By scoring the seven mandibular teeth to assess dental age, local 
disturbing factors of the oral cleft or a surgical trauma, could be excluded. 
80 
Dental age in BCLP 
Ш 
σ> 
ra 
Ία 
с 
ω 
Τ3 
chronological age 
Figure 4-2: Non-linear regression lines of the dental age in girls with a BCLP. At 
the ages of 5, 9.5 and 14 years of age the means and standard 
deviations of dental age in the non-cleft girls are given. 
However, the original scores for French-Canadian children could not be used 
for comparison with Dutch children, since the rate of maturation may be 
influenced by both heredity and environment (Jordan et al., 1966; Pelsmakers 
et al., 1997), and maturity standards may change from one population to 
another (Loevy, 1983; Nyström et al., 1986; Pöyry et al., 1989). Therefore, 
a control group of Dutch children without oral clefts was also investigated. 
The method of Demirjian et al. (1973) and Demirjian (1978) is found to 
be a convenient and reliable method to determine dental age in 3.5 to 6.5 
year old children. The accuracy is lower in older children (Hägg and 
Matsson, 1985). In this study the measurement error increased also with age 
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(Table 4-1). From nine years of age on measurement error became 0.55 
years, which is rather high. The reason is that at older ages root formation of 
ever more teeth has been completed: hence, a relatively little increase of 
dental maturity score results in a relatively high increase in dental age. 
In the study of Nyström and Ranta (1988) it was found that the delay in 
dental age increased with increasing severity of the dental cleft. This 
investigation, however, did not include BCLP cases. It can be deducted, 
however, that dental age in BCLP would be delayed more than in UCLP, 
because of the severity of the aberration. In this study a delay in dental age 
was only observed in boys at the age of five years. Loevy and Aduss (1988) 
and Haring (1983) did not find any differences at all, but this may be 
attributed to the low number of BCLP cases in their studies. The study of 
Pöyry et al. (1989) found indeed a delay in BCLP children compared with 
non-cleft children. This delay was seven months before nine years of age and 
two months thereafter. Also in studies on Dutch UCLP children only a delay 
at younger ages was found (Prahl-Andersen, 1976, 1979). Several 
explanations exist for these results: Firstly, dental age can be delayed in the 
younger group because only incisors and first molars are affected by 
environmental factors during gestation and early prenatal period. Secondly, it 
may be that there is catch-up development, as described by Prahl-Andersen 
(1976). The fact that dental age in the girls of the present study showed a 
tendency to be ahead on the controls at the ages of 9.5 and 14 years can be 
explained by this catch-up development. Finally, it could be that dental age is 
delayed at all ages, but that it could not be observed in the older ages because 
of the higher measurement error of the Demirjian's method at older ages. 
Therefore, in order to get more insight into these problems, we suggest to 
study tooth formation on individual teeth. 
As a conclusion we may say that in this study a statistically significant 
delay in dental age was found in BCLP boys at the age of five years. At the 
ages of 9.5 and 14 years of age no differences were found. For girls no 
differences were observed at the different ages. Further study on the 
development of individual teeth is suggested in order to provide more insight 
into the cause or origin of the delay in dental development at early ages. 
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Premaxilla osteotomy 
5.1 Summary 
The anatomical aberration of the premaxilla in bilateral cleft lip and palate 
(BCLP) gives rise to many problems. Orthodontic and orthopaedic treatment 
alone often fail to correct this deformity. In this study, the results of a 
combined surgical-orthodontic approach were analyzed. Twenty-two BCLP 
patients, who had undergone an osteotomy of the premaxilla in combination 
with secondary or tertiary bone grafting, were involved in this study. Two 
cephalograms were analyzed from each patient, one prior to and one after 
osteotomy. Dental casts were made prior to orthodontic treatment, prior and 
after osteotomy of the premaxilla and after final orthodontic treatment. As a 
control group, BCLP patients treated by the cleft palate center, Oslo were 
used. Treatment planning of these two teams is comparable, except for the 
fact that in Oslo surgical repositioning of the premaxilla is never performed. 
Cephalometric values before and after osteotomy of the premaxilla were 
calculated. These values were corrected for growth by means of the 
Oslo-data. Differences before and after osteotomy were tested statistically 
with a paired t-test. 
After osteotomy, good arch form was achieved, the premaxilla was 
positioned more superiorly and normal inclination of incisors was achieved. It 
was not possible, however, to lower a high-positioned premaxilla to a normal 
vertical relationship. 
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5.2 Introduction 
The treatment of bilateral cleft lip and palate (BCLP) is difficult, as a great 
many questions on growth and influence of surgery remain unresolved. Apart 
from intrinsic deficiency of tissue and anatomical aberrations, there is 
difficulty in restoring the orbicularis oris muscle, in creating a philtrum and 
in lengthening the columella. In addition, the premaxillary component of the 
BCLP deformity gives rise to many problems. The current belief is that the 
isolated premaxilla in BCLP patients is displaced anteriorly in relation to the 
anteroinferior border of the nasal septum. The premaxillary segment is under 
no restraint laterally from either bone or gingival fibrous tissue. 
Consequently, its attachment to the nasal septum by the septo-premaxillary 
ligament becomes a dominant factor. It is assumed that this results in 
anatomical aberrations such as protrusion and abnormal vertical position of 
the premaxilla and underdevelopment of the lateral maxillary segments 
(Latham, 1970, 1973). Orthodontic and facial-orthopaedic treatment alone 
often fails to resolve this problem, because essentially intrinsic anatomical 
aberrations are involved. In such cases, surgical repositioning of the 
premaxilla combined with orthodontic treatment is necessary to establish a 
harmonious maxillo-mandibular dento-skeletal relationship and to achieve 
aesthetically acceptable soft tissue changes (Brouns and Egyedi, 1980; 
Hayward, 1983; Bardach et ai, 1990). 
The timing of the surgical management of the premaxilla in patients with 
a bilateral cleft has been a controversial problem. Primary osteotomy and 
stabilization of the premaxilla is no longer used by most surgeons on account 
of growth retardation (Bishara and Olin, 1972; Friede and Pruzansky, 1972, 
1985; Robertson and Jolleys, 1983). On the other hand, delayed osteotomy of 
the premaxilla in combination with secondary or tertiary bone grafting has 
become more popular. It is suggested that not only can growth disturbances 
be averted, but in addition, stabilization of the dento-alveolar segments, 
restoration of the alveolar continuity and an increased support for upper lip 
and alveolar base of the nose can be achieved. The canine would erupt 
through the bone graft and the dental arch would be aligned (Banks, 1983; 
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Eppley et al., 1986; Freihofer, 1989; Bardach et al, 1990; Freihofer et al, 
1991). 
The lack of recent studies precludes proper assessment of the validity of 
this surgical-orthodontic approach, which is currently used in several cleft 
palate centers (Bardach et al., 1990). The purpose of this study is to evaluate 
the short-term results of orthodontic treatment combined with an osteotomy 
of the premaxilla together with bone grafting. 
5.3 Material and methods 
Thirty patients with a complete BCLP born between 1966 and 1980, were 
registered and treated by the cleft lip and palate team of the university of 
Nijmegen (The Netherlands). Combined surgical-orthodontic treatment was 
performed in 22 patients. They were all Caucasians and the malformation 
was not part of a syndrome. In these 22 patients (15 boys and seven girls), an 
osteotomy of the premaxilla with simultaneous stabilization by means of an 
autologous bone graft was performed. Different kinds of bone were used: in 
11 cases rib bone, five iliac crest, four chin, one bank bone and one 
maxillary bone. The orthodontic procedure consisted of maxillary expansion 
when needed. Anterior teeth were aligned in cases where a traumatic bite 
developed. A facial mask was never used. 
The mean age at the time of operation was 13 years and three months 
(range from eight years and three months to 18 years and three months). All 
patients were operated and treated by the cleft lip and palate team of the 
University of Nijmegen. A detailed description of premaxilla osteotomy in 
combination with bone grafting can be found elsewhere (Freihofer et al., 
1991). 
In each patient, dental casts were made prior to orthodontic treatment, 
prior to and after osteotomy of the premaxilla and after final orthodontic 
treatment. The orthodontic result was judged by two observers. 
Two to 12 lateral headplates from each patient were available. For this 
study only the radiographs just prior to and after the osteotomy were used. 
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The mean time interval between the two radiographs was 21.3 months. These 
radiographs were taken using a Philips X-Ray unit. The heads of each patient 
was positioned in an Evald cephalostat and orientated to the Frankfort 
horizontal plane with the teeth in maximal occlusion. The distance from the 
focus to median plane was 500 cm and the distance from median plane to 
film 10 cm. The enlargement was 2.0%. On each radiograph a total of 17 
anatomic landmarks, five soft tissue and 12 dento-skeletal points were 
digitized by one operator on an electronical measuring table. The landmarks 
and reference planes are illustrated in Figure 5-1. 
χ 
Figure 5-1: Tracing of lateral cephalogram with landmarks and reference planes 
indicated. 
Landmarks: 1. Sella (S), 2. Nasion (N), 3. Anterior Nasal Spine 
(ANS), 4. Posterior Nasal Spine (PNS), 5. A-point (A), 5'. A'-point 
(A '): the projection of point A on the spinal plane, 6. B-point (B), 
7. Pogonion (Pg), 8. Gnathion (Gn), 9. Gonion (Go), 10. Articulare 
(Ar), 11. Centroid + 1 (Cu), 12. Incision + 1 (lu), 13. Pronasale 
(PN), 14. Subnasale (SN), 15. Labiale Superior (LS), 16. Labiale 
Inferior (LI), 17. Pogonion, soft tissue (PG). 
Reference planes: A. SN-plane, B. Spinal plane: ANS-PNS, 
С Mandibular plane: Gn-Go. 
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In order to evaluate the error of the method, 20 radiographs were digitized 
twice by the same operator. As a control cephalometric data of 90 patients, 
61 males and 29 females, with a complete BCLP treated in the Oslo team, 
were used in a mixed longitudinal study for facial growth. Patients were 
excluded if there was a history of other malformations or mental retardation. 
The patients were born between 1954 and 1979. Their treatment was very 
similar to that of the Nijmegen-patients, except for the osteotomy of the 
premaxilla: in none of the cases was an osteotomy of the premaxilla 
performed. The cephalograms were obtained and digitized under standardized 
conditions and were analyzed as described by Semb (1991 a,b). For every 
patient, at least two lateral cephalograms taken at a minimum interval of 1 
year were available. They were all taken under standardized conditions using 
a Lumex cephalostat. The distance from the focus to median plane was 180 
cm and the distance from the median plane to film was 10 cm. The 
enlargement for the median plane was 5.6 percent. Therefore all linear 
measurements were reduced to actual sizes before being used for growth 
correction. 
Cephalometric values were measured before and after osteotomy of the 
premaxilla and increments were calculated. Thereafter, these increments were 
corrected for growth by means of the Oslo data. Firstly, the time interval 
between the two radiographs (before and after surgery) was calculated. Then, 
the changes that occurred during the same age interval in the Oslo-group 
were calculated as well. These two increments, both of Nijmegen and Oslo, 
were then subtracted one from the other. These corrected differences were 
tested statistically with the paired t-test. To avoid false significances, the 
critical t-value was taken at 3 (Bonferroni criterium). 
5.4 Results 
One out of 22 cases failed completely. The premaxilla was lost after 
osteotomy due to vascular disturbances. The oro-nasal fistula was closed and 
two years later a prosthesis replacing the upper incisors was inserted. This 
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boy was excluded from further study. 
5.4.1 Orthodontic results 
Before surgery, in 12 cases, maxillary expansion was performed with a 
quad-helix or a removable appliance. In five cases it was necessary to align 
the maxillary incisors. Before osteotomy, in five patients the premaxilla was 
cranial to the level of the occlusal plane of the posterior maxillary segments. 
In the other cases the premaxilla was at the level or below the occlusal plane. 
In two cases a class III dental arch relationship was present. 
A good arch form was achieved after surgery in all patients. However, 
in three patients some orthodontic relapse occurred at the canine region, 
resulting in a decrease in intercanine width. At this stage of treatment no 
attempt was made to correct the antero-posterior relationship between the 
jaws. 
After surgery in 15 out of 21 patients (Fig. 5-2), the premaxilla was at 
the level of the occlusal plane. In the remaining six cases the vertical position 
was unsatisfactory, mainly on aesthetic grounds: the anterior teeth were 
hidden due to the high vertical position of the premaxilla, which was above 
the level of the occlusal plane. In five out of these six cases the premaxilla 
was already situated too high before surgery (Fig. 5-3). 
The bone height in the alveolar cleft attained at least half of the normal 
height in 36 clefts out of 42 cleft sites, one year after surgery. In one case an 
abnormal dental follicle, as described by El Deeb (1990), was observed 
around the erupting canine. After surgical exposure of the canine, which was 
done in order to prevent resorption of the graft, the tooth erupted normally 
through the bone graft. 
Consequently, in these 36 clefts the canine was able to erupt properly 
and the dental arch could be aligned orthodontically by means of fixed 
appliances. This was, alas, not possible in three cases, due to the absence of 
two or more teeth. 
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Figure 5-2: Intraoral view of а В CLP patient with a low positioned premaxilla. 
A. Before osteotomy of the premaxilla, at 12.11 years of age. 
B. Good result after combined surgical-orthodontic treatment, at 14.6 
years of age. 
Figure 5-3: Intraoral view of a BCLP patient with a high-positioned premaxilla. 
A. Before osteotomy of the premaxilla, at nine years of age. 
B. Unfavourable position of the premaxilla after combined 
surgical/orthodontic treatment, at 16.9 years of age. 
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5.4.2 Cephalometric results 
The mean differences corrected for growth between the values before and 
after premaxilla osteotomy together with the standard deviations and the 
measurement errors are presented in Table 5-1. The measurement error was 
considered to be acceptable except for the ANB angle and the nasolabial 
angle. The angle SNA measured the degree of protrusion of the base of the 
premaxilla relative to the cranial base. This angle diminished on average by 
2.02 degrees after osteotomy of the premaxilla. This means that the base of 
the premaxilla was retruded due to the osteotomy. The length of the maxilla, 
measured between A' and Ptm shortened a little. This result confirms that 
point A and hence the premaxilla at its base was retruded during the 
operation. 
Table 5-1: Mean difference and standard deviation between cephalometric values 
before and after osteotomy of the premaxilla corrected for growth. In 
addition the measurement error of the increments is given. 
variable mean SD measurement 
diff. error 
SNA" 
SN-spinal pl° 
A'-Ptm mm 
A'-N mm 
+ l-spinal pl° 
+ 1-S№ 
ANBe 
NAPg° 
nasolabial ang° 
LS-Eline mm 
LI-Eline mm 
* t-value 2-3 
-2.02 
-3.34" 
-2.44* 
-1.96" 
9.55" 
14.34" 
-2.10 
3.47* 
0.36 
0.07 
-0.03 
" t-value > 3 
4.22 
4.00 
3.86 
2.69 
14.47 
13.97 
8.76 
7.17 
10.88 
2.89 
2.20 
1.38 
2.78 
0.90 
1.92 
4.04 
2.38 
7.43 
1.30 
8.47 
1.97 
0.45 
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Furthermore, a reduction of 3.34 degrees in the angle between the spinal 
plane and the SN-plan was observed. This can be explained by a more 
superior position of point A, as was measured in the vertical distance A'-N. 
Probably, as a result of a changed inclination of the spinal plane, the angle 
between the mandibular and the spinal plane increased by 3.59 degrees. 
The angle between the long axis of the upper incisors and the spinal 
plane increased with 9.55 degrees. This means that the incisors which were 
retroclined before surgery attained a more normal inclination after surgery. 
The skeletal profile, measured by the angle NAPg, was flattened. 
Regarding the soft tissue profile, the changes were small and not 
statistically significant. The nasolabial angle remains equal, at 136.0 degrees. 
The lower and upper lip became more retrusive with regard to the 
aesthetic-line (E-line). 
In Figures 5-4 and 5-5, the result of the combined surgical-orthodontic 
approach of the malpositioned premaxilla is illustrated. Figure 5-6 shows a 
tracing of a lateral headplate of one patient before and after surgery. 
Figure 5-4: Dorso-ventral radiograph of patient in Figure 5-5: 
A: Prior to osteotomy of the premaxilla and bone grafting (11.0 years 
of age). В : At the end of orthodontic treatment (17.7 years of age). 
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A: 11.0 years old boy before osteotomy 
of the premaxilla. 
B: After surgery, at 11.6 years of age. 
C: After completion of orthodontic 
treatment, at 17.7 years of age. 
Figure 5-5: Profile photographs and intraoral views. 
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Figure 5-6: Superimposition on lateral headplate of tracings of one patient before 
and after osteotomy. 
5.5 Discussion and conclusions 
In the literature, many controversies can be found regarding the management 
of the premaxilla in patients with a BCLP. Whether or not a surgical-
orthodontic approach is preferable remains controversial. It is generally 
agreed that resection of the premaxilla should not be performed (Motohashi 
and Pruzansky, 1981). Surgical repositioning and stabilization of the 
premaxilla is another possibility, but timing and technique are not generally 
agreed (Bardach et al., 1990). 
In Nijmegen, a combined surgical-orthodontic procedure is applied. With 
this procedure the premaxilla is brought into its correct position within the 
upper arch and stabilized by bone grafting the clefts. It is not our aim to 
correct the intermaxillary relationship at that time. Therefore, in this study, it 
was found to be irrelevant to divide the patients into subgroups according to 
growth stage. The operation is performed preferably at the age of about nine 
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to 11 years. This timing of the operation has two advantages. Firstly, the risk 
of disturbing the growth of the maxillary complex is higher when performing 
this procedure at an earlier age. Injuring the premaxilla-vomerine suture may 
be detrimental to maxillo-facial growth (Friede, 1973). Furthermore, bone 
grafting procedures give better results when the root of the canine has 
reached 1/2 to 1/3 of its length and when the crown of the canine is still 
covered by bone, than at alter age (Bergland et al, 1986). 
From this study no conclusions can be drawn on the long term results of 
facial growth. Further studies are therefore needed to find out whether the 
disturbance of facial growth has been limited and whether surgical 
improvements are stable. 
In this study, cephalometric values of bilateral cleft lip and palate 
patients in Oslo were used as controls for growth changes during the post-
surgical period. It has to be realised that the differences found after 
correction for growth, using the Oslo-data, are a combination of surgical 
intervention and possible relapse of this. Although there are certainly 
differences between the two groups, they were chosen for the following 
reasons. Firstly, the facial growth between the two groups of patients with 
BCLP is more comparable than when comparisons were made between BCLP 
and non-cleft groups. Secondly, the treatment plans of the teams of Nijmegen 
and Oslo are rather comparable, except for the osteotomy of the premaxilla 
and the use of a protraction headgear, which is quite common in Oslo. 
From the orthodontic point of view, we observed several important 
results. Firstly, in 15 out of our 21 cases, the dental arch could be aligned 
orthodontically. This was possible due to a combination of orthodontic 
treatment followed by surgical repositioning and stabilization of the 
premaxilla. After orthodontic expansion of the lateral maxillary segments, the 
base of the premaxilla could be surgically retruded. By this tilting of the 
premaxilla, the upper incisors attained significantly better inclination. The 
vertical position of the premaxilla was also corrected to the level of the 
occlusal plane. It appeared to be more easy to correct a low-positioned 
premaxilla than a high-positioned one. This was probably due to technical 
reasons such as vertical stabilization during surgery, which is very difficult to 
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achieve or the risk of compromising the blood supply. Furthermore, the level 
of the gingival margin of the premaxilla as compared with the level of the 
gingiva in the canine region is a limiting factor in the vertical displacement of 
the premaxilla. Moreover, it should be mentioned that orthodontic lowering 
of central incisors which are positioned in a too high premaxilla never leads 
to a stable result in the vertical plane (Fig. 5-3). 
After surgical repositioning of the premaxilla in combination with bone 
grafting, we observed a spontaneous eruption and migration of teeth through 
the bone graft. This contrasted with the results obtained by primary bone 
grafting, where only a small strut of bone remained one year after surgery, 
which is not enough to align the canines (Robertson and Jolleys, 1983). 
Although one of the indications of an osteotomy of the premaxilla was to 
achieve aesthetic soft tissue changes (Hayward, 1983), in this study no 
significant differences were found. This is probably caused by the difficulty 
of locating the cephalometric soft tissue points on the radiographs. Another 
reason could be that the soft tissues do not respond markedly to skeletal 
movements due to the scarring at that region. 
Concerning the results of this study, we may conclude that the surgical 
management of the premaxilla in combination with secondary bone grafting 
presents many advantages. The dental arch can be aligned and stabilized. A 
significant better inclination (torque) of the incisors, which can never be done 
by means of orthodontic appliances alone, is achieved. The canine can erupt 
properly through the bone graft and the upper teeth can be replaced 
orthodontically in an optimal position so that prosthetic rehabilitation is 
minimized. It should be taken into account, however, that the distortion in the 
vertical dimension of the premaxilla is probably more difficult to correct than 
the distortion in the antero-posterior and transverse dimension. 
After having studied the short-term effects of combined surgical-
orthodontic treatment of the protruded premaxilla, we should now logically 
turn our attention to the long-term effects of this approach in terms of facial 
growth, dentition and occlusion. There is also a need for further 
investigations comparing the long-term results of this approach with other 
methods of treatment of bilateral clefts. 
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Facial growth in BCLP 
6.1 Summary 
In this study, sagittal facial growth of bilateral cleft lip and palate (BCLP) 
patients between six and 20 years of age is analyzed. The data of Nijmegen 
were derived from 131 lateral cephalograms taken in 21 BCLP patients who 
were treated in the Cleft Lip and Palate Center of the University Hospital of 
Nijmegen. Reported data of 90 BCLP patients treated at the Center of Oslo 
were used as a reference for comparison. 
Results of this investigation showed mandibular growth to be similar in 
both centers. In the premaxillary region some differences were found: The 
Nijmegen patients presented a more protrusive premaxilla than those at Oslo. 
The upper front teeth and hence, the premaxilla, were more retroclined in the 
Nijmegen sample. There were also statistically significant differences in the 
soft tissue profile. The mean z-score was positive for the nasolabial angle and 
negative for the angle N'-Sn-Pg'. At 18 years of age, these differences are 
still apparent. In comparison with Broadbent's values of normal individuals, 
the SNPg-angle was smaller and the mandibular angle greater in Nijmegen 
and Oslo. The profiles of the BCLP patients are more convex in Nijmegen 
and more concave in Oslo than in the non-cleft group. Finally, the different 
treatment strategies of the Cleft Lip and Palate Centers of Nijmegen and Oslo 
are compared and discussed in terms of their long-term results. 
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6.2 Introduction 
Both clinical and experimental studies have been performed in order to derive 
more insight into the problems of cleft lip and palate treatment and to 
improve treatment procedures, aiming for better life quality prospects for the 
patients. Notwithstanding this work, a lot of challenging problems remain in 
the treatment planning of bilateral cleft lip and palate (BCLP) patients. 
Controversy remains as to whether or not presurgical orthopaedic treatment 
should be performed (Georgiade et al, 1989). The timing, sequence and 
techniques of surgical procedures are still in discussion. Such a topic of 
debate is whether or not repositioning and stabilization of the premaxilla 
should be performed as a primary or secondary procedure (Hayward, 1983; 
Eppley et al, 1986; Bardach et al, 1990; Freihofer et al., 1991; Heidbüchel 
et ai, 1993). 
Primary osteotomy and stabilization of the premaxilla is no longer used 
by most surgeons because of later growth retardation of the maxillary 
complex (Bishara and Olin, 1972; Friede and Pruzansky, 1985). With respect 
to secondary osteotomy of the premaxilla, only a few data are available on 
the effectiveness of the operation and/or long-term results (Freihofer et al., 
1991; Bardach et al, 1992; Heidbüchel et al, 1993). 
The small incidence of patients with a bilateral cleft lip and palate, and 
the lack of studies based on long-term results, make it very difficult to 
compare and evaluate the effectiveness of new or varying methods of 
treatment (Bardach et al, 1990). The number of studies concerning treatment 
results of BCLP patients is rather limited. Long-term evaluations and studies 
on sample groups that are bigger than 10 patients are few ( Bishara et Olin, 
1972; Friede and Pruzansky, 1985; Hotz et al, 1987; Semb, 1991 a,b; 
Brägger et al, 1991; Bardach et al, 1992). 
The aim of this study was to compare antero-posterior facial growth 
from six to 20 years of age in patients with a complete BCLP who were 
treated in two different cleft lip and palate Centers. Treatment strategies of 
the two Centers will be discussed in respect to their long-term results. 
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6.3 Methods 
Sample of Nijmegen (The Netherlands) 
The investigation included 21 children with complete bilateral cleft lip and 
palate. The malformation was not part of a syndrome. Patients with 
Simonart's bands were included, provided there was no hard tissue union. 
The children were white, born between 1966 and 1980. All patients (14 boys 
and seven girls) were treated by the cleft lip and palate team of the Universi­
ty of Nijmegen. Surgical and orthodontic treatment planning is described in 
Table 6-1. Standardized records were made at fixed time intervals. The 
mixed longitudinal data used in this part of the study were derived from 131 
lateral cephalograms. These radiographs were taken using a Philips X-Ray 
unit. The head of the patient was positioned in an Evald cephalostat and 
oriented to the Frankfort horizontal plane with the teeth in maximal 
occlusion. From each patient two to 12 lateral cephalograms were available. 
The cephalometric information covers an age span of 14 years, from the age 
of six to 20 years. 
On each radiograph, a total of 21 anatomical landmarks was digitized on 
an electronic measuring table. These landmarks were taken in accordance 
with those reported by Semb (1991 a). The cephalometric reference points 
and planes are shown in Figure 6-1. All measurements were carried out by 
one operator. In order to test the reliability of landmark identification and 
measuring technique, 20 radiographs were measured twice by the same 
operator. The measurement errors are given in Table 6-2. 
Sample of Oslo (Norway) 
For comparison with the sample of Nijmegen BCLP, previously published 
data from Oslo were used (Semb, 1991 b). The sample consisted of 90 
patients, 61 male and 29 female, with a complete skeletal BCLP. The patients 
were born between 1954 and 1979 and all had undergone surgery at the 
Plastic Surgery Department, University Hospital of Oslo. Their treatment is 
shown in Table 6-1. For each patient at least two lateral cephalograms, taken 
at a minimum interval of 1 year, were available (Semb, 1991 a,b). 
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Table 6-1: Orthodontic and surgical treatment strategies of the centers of 
Nijmegen and Oslo. U = "optional". 
Nijmegen Oslo 
birth 
3 mo 
18 mo 
4 yr 
5-6 yr 
8 yr 
9yr 
12 yr 
15 yr 
18 yr 
presurgical orthopaedics (Hotz) 
one stage lip closure (modified 
Manchester) 
end of active orthopaedics 
posterior palate closure 
(modified Von Langenbeck) 
end of retention period with 
intraoral plates 
hard palate closure (before 1975) 
columella lengthening 
[lip mucosa and skin scar 
revision] 
[superiorly based pharyngeal 
flap] 
orthodontic correction of incisor 
tooth position and correction of 
transverse segmental crossbites 
osteotomy of premaxilla, bone 
grafting, and hard palate closure 
(after 1975) 
orthodontic finishing 
two stage lip closure (Millard) 
and vomer plasty (one stage 
before 1962) 
posterior palate closure 
(modified Von Langenbeck) 
columella lengthening 
[lip mucosa and skin scar 
revision] 
[superiorly based pharyngeal 
flap] 
orthodontic correction of incisor 
tooth position and correction of 
transverse segmental crossbites 
bone grafting 
orthodontic finishing using 
protraction for space closure if 
required 
[secondary lip and nose revision] [secondary lip and nose revision] 
[osteotomy of the maxilla and/or 
mandíbula] 
[osteotomy of the maxilla and/or 
mandíbula] 
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The landmarks and reference planes used in both studies are illustrated in 
Figure 6-1. The definition of landmarks is in accordance with that of Rakosi 
(1979); Jacobson and Caufield (1985). ι 
Figure 6-1: Tracing of lateral cephalogram with landmarks and reference planes 
indicated. 
Hard and sofi-tissue landmarks: Ba = Basion; S = Sella; 
N = Nasion; Ans = Anterior nasal spine; Pns = Posterior nasal 
spine; A = A-point; A' = A '-point: Projection of point A on spinal 
plane; В = B-point; Pg = Pogonion; Me = Menton; Go = Gonion; 
Ar = Articulare; Cs = Centroid of the maxillary central incisor; 
Ci = Centroid of the mandibular central іпшог; Ν' = Soft tissue 
Nasion; Pn = Soft tissue Pronasale; Sn = Soft tissue upper lip; 
Li - Soft tissue lower lip; Pg ' = Soft tissue Pogonion. 
Reference planes: Α. SN-plane, В. Spinal plane: ANS-PNS, 
С Mandibular plane: Gn-Go. 
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Table 6-2: Measurement error. 
variable measurement error 
NAPg 0.92° 
SNA 1.03° 
SNPg 0.73° 
mandibular plane-SN 1.34° 
interincisal angle 4.01° 
upper incisors-spinal plane 5.30" 
nasolabial angle 5.92° 
N-Sn-Pg 1.98° 
To avoid error due to enlargement, only angular measurements were 
compared. For this study the following angles were calculated: SNA, SNAns, 
SN-spinal plane, SNB, SNPg, mandibular plane-SN, mandibular angle 
(ArGo-mandibular plane), ANB, NAPg, mandibular plane-spinal plane, upper 
incisors-spinal plane, lower incisors-mandibular plane, interincisal angle, 
BaSN, BaSPns, N'-Sn-Pg', N'-Pn-Pg', S-N'-Pn, and nasolabial angle 
(Pn-Sn-Ls). The calculated values of these angles were translated into 
z-scores with the Oslo-values as reference. This means that the Nijmegen 
values, that were equal to the mean values of Oslo, got the score 0. First 
standard deviation received a +1 or -1 score, second standard deviation +2 
or -2, and so on. Thereafter, within each patient, the z-scores of all 
parameters at each integer age in years were estimated by linear 
interpolation. Extrapolation was not applied. The distance of the interpolated 
value to the nearest measured value was not allowed to be more than 1.5 
year. Finally, the mean z-scores and standard deviations were calculated for 
all ages between six and 20 years. In the null hypothesis, the samples of 
Nijmegen and Oslo were equal. The student's t-test was established at 5%. 
The 95% confidence intervals were measured. At 18 years of age, when all 
operations were completed and most growth finished, a t-test was used to test 
differences between mean values of Nijmegen and Oslo. 
Cephalometric values of 18 year old non-cleft individuals measured by 
Broadbent et al. (1975) are given as a reference for normal growth. 
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6.4 Results 
For 15 ages the z-scores of 19 angles were tested against zero using the 
paired t-test. For clarification, only the most noteworthy cephalometric 
results are described. The mean z-scores from six to 20 years of age are 
shown in Tables 6-3 to 6-10. The 95% confidence intervals are also given. 
When the baseline zero is outside the 95% confidence interval, a statistically 
significant difference between the measurements of Nijmegen and Oslo exists. 
In Table 6-11 mean values and standard deviations of the non-cleft 
individuals of Broadbent, and the Oslo and Nijmegen BCLP patients at the 
age of 18 years are shown, together with the p-values of the t-test. 
Concerning the skeletal differences, the NAPg angle was significantly 
smaller in Nijmegen than in Oslo for nearly all ages, because the z-scores 
were negative (Table 6-3). 
At the age of 16 years the difference reached its maximum. At the age 
of 18 years, compared to the non-cleft individuals of Broadbent, the 
Nijmegen patients have a more convex profile (Table 6-11), while the Oslo 
patients show a straighter profile at that age. For the angle SNA, a small 
positive z-score was measured. Between 10 and 13 years of age these 
differences were statistically significant (Table 6-4). This means that the 
Nijmegen patients presented a little more protrusion of the premaxilla than in 
the Oslo sample. Mandibular angular differences between the two groups 
were not significant (Table 6-5 and 6-6). 
For the upper incisors-spinal plane angle, the mean z-score was negative 
for all ages. After the age of 16 years, the difference between Nijmegen and 
Oslo diminished (Table 6-7). Hence, the upper front teeth of the Nijmegen 
patients were significantly more retroclined than those of Oslo. At 18 years 
of age, this result differs further from those of the non-cleft individuals 
(Table 6-11). For the interincisal angle, the mean z-score was positive for all 
ages. No significant differences were found for the inclination of the lower 
incisors, which implies that the upper incisors are more retroclined in the 
Nijmegen patients. The differences between Oslo and Nijmegen were 
statistically significant (Table 6-8 and 6-11). 
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Table 6-3: NAPg. 
age (yrs) η χ SD 95% conf interv. p-value 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
8 
11 
12 
13 
16 
18 
16 
15 
15 
14 
14 
11 
9 
8 
8 
-1.05 
-1.10 
-1.08 
-1.16 
-1.25 
-1.17 
-1.13 
-1.19 
-1.36 
-1.53 
-1.70 
-1.52 
-1.49 
-1.22 
-1.19 
1.05 
1.20 
1.10 
1.16 
1.15 
1.04 
1.01 
1.00 
0.93 
0.94 
0.90 
0.88 
0.73 
0.69 
0.69 
-2.30 
-1.91 
-1.79 
-1.87 
-1.87 
-1.69 
-1.67 
-1.74 
-1.88 
-2.07 
-2.22 
-2.11 
-2.05 
-1.80 
-1.76 
to 0.20 
to -0.28 
to -0.38 
to -0.46 
to -0.64 
to -0.65 
to -0.59 
to -0.63 
to -0.84 
to -0.98 
to-1.18 
to -0.92 
to -0.93 
to -0.64 
to -0.61 
ns 
* 
* 
* 
* 
* 
* 
+ 
* 
* 
* 
* 
* 
* 
* 
ns = not significant * = ρ < 0.05 
Table 6-4: SNA. 
age (yrs) η χ SD 95% conf interv. p-value 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
8 
11 
12 
13 
16 
18 
16 
15 
15 
14 
14 
11 
9 
8 
8 
0.63 
0.65 
0.79 
0.77 
0.88 
0.85 
0.72 
0.77 
0.68 
0.60 
0.73 
0.72 
0.88 
0.89 
0.72 
1.51 
1.37 
1.50 
1.51 
1.39 
1.26 
1.41 
1.53 
1.62 
1.84 
1.97 
1.92 
1.67 
1.57 
1.46 
-0.63 
-0.27 
-0.16 
-0.14 
0.13 
0.23 
0.03 
0.07 
-0.21 
-0.45 
-0.40 
-0.57 
-0.39 
-0.42 
-0.50 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
1.89 
1.57 
1.75 
1.68 
1.62 
1.48 
1.47 
1.62 
1.58 
1.66 
1.87 
2.02 
2.16 
2.21 
1.95 
ns 
ns 
ns 
ns 
* 
* 
* 
* 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns = not significant + = ρ < 0.05 
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Table 6-5: Mandibular plane-SN. 
age (yrs) η χ SD 95% conf interv. p-value 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
8 
11 
12 
13 
16 
18 
16 
15 
15 
14 
14 
11 
9 
8 
8 
-0.16 
-0.16 
-0.18 
0.01 
-0.01 
0.04 
0.00 
0.00 
0.36 
0.37 
0.12 
0.45 
0.34 
0.19 
0.21 
1.15 
1.05 
1.03 
1.14 
1.10 
1.06 
1.18 
1.26 
1.31 
1.35 
1.44 
1.21 
1.40 
1.79 
1.84 
-1.13 
-0.87 
-0.84 
-0.67 
-0.60 
-0.48 
-0.62 
-0.70 
-0.36 
-0.40 
-0.70 
-0.36 
-0.73 
-1.30 
-1.33 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
0.79 
0.53 
0.46 
0.70 
0.57 
0.57 
0.63 
0.69 
1.09 
1.15 
0.96 
1.26 
1.42 
1.69 
1.75 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns = not significant 
Table 6-6: SNPg. 
age (yrs) η χ SD 95% conf interv. p-value 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
8 
11 
12 
13 
16 
18 
16 
15 
15 
14 
14 
11 
9 
8 
8 
-0.18 
-0.29 
-0.22 
-0.38 
-0.23 
-0.24 
-0.22 
-0.21 
-0.32 
-0.30 
-0.09 
-0.25 
-0.01 
0.23 
0.13 
1.13 
1.28 
1.27 
1.36 
1.26 
1.16 
1.14 
1.16 
1.40 
1.44 
1.43 
1.29 
1.45 
1.93 
1.84 
-1.12 
-1.15 
-1.03 
-1.21 
-0.91 
-0.82 
-0.83 
-0.86 
-1.10 
-1.14 
-0.91 
-1.12 
-1.13 
-1.38 
-1.41 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
0.76 
0.57 
0.58 
0.43 
0.44 
0.33 
0.39 
0.42 
0.45 
0.53 
0.73 
0.61 
1.09 
1.85 
1.68 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns = not significant 
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Table 6-7: Upper incisors-B plane. 
age (yrs) η χ SD 95% conf interv. ρ-value 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
8 
11 
12 
13 
16 
18 
16 
15 
15 
14 
14 
11 
9 
8 
8 
-0.24 
-0.46 
-0.76 
-0.67 
-0.70 
-1.02 
-1.15 
-1.20 
-1.29 
-1.43 
-1.68 
-1.58 
-1.39 
-1.01 
-0.74 
1.50 
1.29 
1.29 
0.99 
0.94 
0.87 
0.83 
0.99 
0.60 
0.92 
1.14 
0.98 
0.78 
0.49 
0.61 
-1.50 
-1.33 
-1.59 
-1.28 
-1.21 
-1.45 
-1.59 
-1.75 
-1.63 
-1.97 
-2.34 
-2.24 
-1.99 
-1.42 
-1.26 
to 1.01 
to 0.40 
to 0.05 
to -0.07 
to -0.20 
to -0.58 
to -0.70 
to -0.65 
to -0.95 
to -0.90 
to -1.02 
to -0.92 
to -0.79 
to -0.60 
to -0.23 
ns 
ns 
ns 
+ 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
ns = not significant * = ρ < 0.05 
Table 6-8: Interincisal angle. 
age (yrs) η χ SD 95 % conf interv. p-value 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
8 
11 
12 
13 
16 
18 
16 
15 
15 
14 
14 
11 
9 
8 
8 
1.81 
1.46 
1.35 
0.83 
0.91 
1.08 
1.19 
1.29 
1.19 
1.45 
1.85 
1.70 
1.52 
1.42 
1.34 
0.67 
0.81 
0.87 
0.59 
0.91 
0.91 
0.88 
1.15 
1.07 
1.14 
1.14 
1.36 
1.15 
0.76 
0.66 
1.25 
0.91 
0.79 
0.47 
0.42 
0.62 
0.72 
0.65 
0.59 
0.79 
1.19 
0.78 
0.63 
0.77 
0.79 
to 2.38 
to 2.01 
to 1.90 
to 1.19 
to 1.39 
to 1.53 
to 1.66 
to 1.93 
to 1.78 
to 2.11 
to 2.51 
to 2.62 
to 2.41 
to 2.06 
to 1.90 
ns = not significant * = ρ < 0.05 
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Table 6-9: Nasolabial angle. 
age (yrs) η χ SD 95% conf interv. ρ-value 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
8 
11 
12 
13 
16 
18 
16 
15 
15 
14 
14 
11 
9 
8 
8 
0.61 
1.00 
1.18 
1.33 
1.34 
1.32 
1.19 
1.41 
1.52 
1.40 
1.86 
1.74 
1.74 
1.67 
2.07 
0.81 
0.94 
1.11 
1.19 
1.15 
1.23 
1.45 
1.41 
1.39 
1.60 
1.65 
1.51 
1.40 
1.51 
1.46 
-0.06 
0.37 
0.48 
0.61 
0.73 
0.71 
0.41 
0.62 
0.75 
0.48 
0.90 
0.72 
0.66 
0.40 
0.84 
to 1.28 
to 1.64 
to 1.89 
to 2.05 
to 1.96 
to 1.94 
to 1.96 
to 2.19 
to 2.29 
to 2.33 
to 2.81 
to 2.76 
to 2.82 
to 2.93 
to 3.29 
ns = not significant 
Table 6-10: N'-Sn-Pg'. 
age (yrs) η χ SD 
* = ρ < 0.05 
95% conf interv. p-value 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
8 
11 
12 
13 
16 
18 
16 
15 
15 
14 
14 
11 
9 
8 
8 
-1.03 
-0.96 
-0.93 
-1.08 
-1.13 
-0.98 
-0.90 
-0.94 
-0.96 
-0.87 
-0.92 
-1.16 
-1.25 
-1.07 
-1.04 
1.33 
1.08 
1.00 
0.99 
0.99 
0.90 
0.86 
0.83 
0.85 
0.93 
1.02 
0.90 
0.79 
0.70 
0.73 
-2.15 
-1.70 
-1.57 
-1.68 
-1.66 
-1.43 
-1.37 
-1.40 
-1.43 
-1.41 
-1.51 
-1.77 
-1.87 
-1.66 
-1.65 
to 0.08 
to -0.23 
to -0.29 
to -0.48 
to -0.59 
to -0.53 
to -0.44 
to -0.48 
to -0.49 
to -0.33 
to -0.33 
to -0.55 
to -0.64 
to -0.48 
to -0.43 
ns = not significant + = ρ < 0.05 
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Some statistically significant differences were also found in the soft tissue 
profile. The mean z-scores of the nasolabial angle were positive (Table 6-9) 
and negative for the angle N'-Sn-Pg' (Table 6-10), demonstrating that the 
facial soft tissue profile was more convex in the Nijmegen sample. 
Table 6-11: Cephalometric evaluation: mean values and standard deviations of the 
Broadbent, Oslo and Nijmegen sample at 18 years of age. The 
differences between Nijmegen and Oslo were tested using the t-test. 
Broadbent Oslo Nijmegen 
angles in degrees 
NAPg 
SNA 
SNPg 
mandibular plane-SN 
interincisal angle 
upper incisor-spinal plane 
nasolabial angle 
N'-Sn-Pg' angle 
S-N'-Pg' angle 
mean 
176.2 
83.9 
82.8 
28.8 
140.6 
108.3 
SD 
2.19 
2.43 
2.74 
3.57 
8.16 
5.22 
mean 
182.0 
75.6 
76.7 
36.1 
142.8 
105.2 
113.3 
176.5 
105.6 
SD 
8.0 
4.2 
4.5 
6.3 
10.5 
9.1 
12.6 
8.6 
3.9 
mean 
170.24 
79.28 
76.75 
38.22 
161.75 
91.71 
138.43 
164.42 
87.44 
SD 
5.78 
6.92 
6.65 
6.26 
16.13 
6.79 
18.19 
6.98 
9.36 
p-value 
** 
* 
** 
** 
* + 
** 
* 
t-test: difference between Nijmegen and Oslo 
ns = not significant; * = ρ < 0.05; ** = ρ < 0.01 
6.5 Discussion and conclusions 
In this study treatment strategies for BCLP patients of the Cleft Lip and 
Palate Centers of Nijmegen and Oslo were compared. It should be taken into 
account that this study is a retrospective comparative study, which implies 
some disadvantages inherent to such studies: treatment planning, timing and 
method of gathering material are not as well calibrated as in prospective 
ones. However, for clinical audit purposes it is possible to compare growth 
between two different BCLP samples using z-scores. 
In both centers the patients are treated according to a strictly defined and 
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consistent treatment plan. The surgical treatment plan in the Oslo-group 
differs from that of the Cleft Lip and Palate Center of Nijmegen in important 
respects. In Oslo, a one or two stage lip closure is performed in combination 
with a vomer flap for closure of the hard palate at the age of three to six 
months. In Nijmegen, however, only the lip is closed at that time by means 
of a modified Manchester technique (Manchester, 1970). This consists of a 
one-stage procedure followed by soft palate closure at the age of 18 months. 
Hard palate closure was performed at four years of age (before 1975) or in 
combination with bone grafting (after 1975). Additionally, in Oslo, 
pharyngeal flaps are more frequently performed (25%). In Nijmegen, a 
pharyngeal flap operation was done in 14% of the cases. Finally, in none of 
the Oslo patients an osteotomy of the premaxilla was performed. On the 
contrary, all Nijmegen patients underwent an osteotomy of the premaxilla in 
combination with bone grafting. We also found differences in the orthodontic 
treatment plan. In Oslo, presurgical orthopaedic treatment was never used. In 
contrast, in Nijmegen, presurgical orthopaedics in combination with 
extra-oral strapping, according to Hotz and Gnoinski (1976), was performed 
in about 50% of the cases. Extra-oral strapping was used until lip closure. 
Afterwards, the acrylic appliance was worn as a retention device until the soft 
palate was closed. 
Differences in values as NAPg, SNA, nasolabial angle, N'-Sn-Pg', 
angulation of the upper incisors and interincisal angle were apparent during 
growth. This is in contrast with the values of angles which are outside the 
maxillary part, such as the inclination of the lower incisors, the mandibular 
angle, mandibular plane-SN, SNPg, SNB, which show no differences 
between the groups. We conclude, therefore, that the growth pattern of both 
groups of patients is the same, but that from the beginning of treatment, 
maxillary growth is different, possible due to different treatment strategies. 
The upper incisors of the Nijmegen patients are retroclined in 
comparison with those of the Oslo patients. From previous investigation, we 
know that not only the upper incisors are retroclined, but that the premaxilla 
as a whole is retroclined (Heidbüchel et al., 1993). Hypothetically, a 
different primary surgical procedure, or the use of extra-oral strapping during 
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the presurgical orthopaedic treatment could lead to these differences. It is 
assumed that the type of lip closure is the most important variable for the 
position of the premaxilla in later stages. In Nijmegen, a modified 
Manchester lip closure is performed. This contrasts with the Oslo treatment 
where lip and vomer flap closure are combined. We may assume that by this 
simultaneous closure the premaxilla is more fixed to the palatal shelves. 
When lip closure, without vomer flap closure is performed as in Nijmegen, 
the premaxilla can grow more normally, but is probably more movable over 
a longer period of time. Pressure of the repaired lip at the level of the 
incisors then causes backward tilting of the normally growing premaxilla. 
Another cause of tilting of the premaxilla may be extra-oral strapping during 
presurgical orthopaedic treatment. We suggest that tilting of the premaxilla 
may be avoided when the acrylic appliance used during presurgical 
orthopaedics provides a good vertical support of the premaxilla. 
In a previous study, we noted a significant improvement in the 
inclination of the premaxilla and upper incisors due to the osteotomy of the 
premaxilla (Heidbiichel et al., 1993). These changes are not visible in the 
present study because of the large age variation of the patients at the time of 
the osteotomy. Long-term effects of this operation were questioned, because 
of the risk of disturbing the growth of the maxillary complex by injuring the 
premaxillary-vomerine suture. In the present study, however, no growth 
retarding effects of premaxilla osteotomy could be found at 18 years of age. 
On the contrary, the NAPg angle was smaller for the Nijmegen patients, 
which points to a slightly greater prominence of the maxilla than that found 
in the Oslo patients. Moreover, the maxillary measurements of the Nijmegen 
group tend, more than those of Oslo, to the values of non-cleft individuals of 
Broadbent. These results confirm that no detrimental growth effects could be 
attributed to the osteotomy of the premaxilla. 
The results of the bone grafting procedure in our BCLP group (Freihofer 
et al., 1991; Freihofer et al., 1993) were comparable with those obtained in 
Oslo (Bergland et al., 1986). In 19 of the 21 cases, bony bridges between the 
lateral segment and the premaxilla were present. The premaxilla was stable 
and the canine could erupt through the grafting material. In one case, the 
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bone graft resorbed so completely that it had to be regrafted. Problems as 
mentioned by Bardach et al. (1990), such as loss of vitality of the upper 
incisors, were not observed in our patient group. 
In conclusion, we can state that both Centers reach acceptable long-term 
results for dento-facial appearance in the treatment of bilateral cleft lip and 
palate patients. However, by following different treatment plans, dento-facial 
development is different between BCLP groups. The Nijmegen patients show 
a more convex facial profile. This is an important finding, since all Nijmegen 
patients underwent an osteotomy of the premaxilla, which is thought to be 
unfavourable for maxillary growth. The patients of Oslo have more concave 
profiles, but better uprighted upper incisors. 
Based on the results of this study, it is not possible to choose a single 
treatment strategy. Such a decision requires evaluation of the two different 
treatment strategies as a whole. Consequently, further information is needed 
on speech, dental status, hearing, facial appearance, and psychological 
problems. Furthermore, a comprehensive cost-benefit analysis should be part 
of this study. 
115 

Chapter 7 
Maxillary and mandibular 
dental arch dimensions and occlusion 
in bilateral cleft lip and palate patients 
from 3 to 17 years of age 
Kiki L.W.M. Heidbüchel 
Anne Marie Kuijpers-Jagtman 
Published in Cleft Palate-Craniofacial Journal (1997) 34: 21-26. 

Dental arch dimensions and occlusion 
7.1 Summary 
The aim of this study was to describe maxillary and mandibular dental arch 
form and occlusion in bilateral cleft of the lip and palate (BCLP) from three 
to 17 years of age and to compare their characteristics with a normative 
sample. A sample of 22 patients with BCLP was investigated, with a non-
cleft control sample used for comparison. Dental arch dimensions were 
studied on dental casts. A comparison between both groups was made at 
fixed time intervals. From nine years of age, the cleft sample showed a 
significant smaller maxillary depth. Maxillary dental arch widths were also 
significantly smaller than in the control group over the whole age period. 
Mandibular dental arch measurements were very similar in both groups, 
although smaller first molar widths were noted in the BCLP group beginning 
at 12 years of age. A tendency for end-to-end occlusion was found, which 
became more clear with age and was most markedly in the canine region. 
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7.2 Introduction 
The treatment of children with a cleft lip and palate remains a challenge. 
Beginning at birth, it is necessary to balance several aspects of treatment such 
as growth, aesthetics, function and psychosocial development. In children 
with a complete bilateral cleft lip and palate, many problems remain 
unresolved. Apart from intrinsic tissue deficiency and anatomic aberrations, 
there is difficulty in restoring the orbicularis oris muscle, in creating a 
philtrum, and in lengthening the columella. Furthermore, benefit of early 
orthopaedic treatment is still questioned. Unrestricted premaxillary growth 
also gives rise to many problems. Finally, the influence of surgery on further 
growth and stability after treatment are topics that need to be investigated in 
more detail (Bishara and Olin, 1972; Ross and Johnston, 1972; Banks, 1983; 
Hay ward, 1983; Vargervik, 1983; Freihofer et ai, 1991; Bardach et ai, 
1992; Heidbüchel et al., 1993; Friede and Lilja, 1994; Heidbüchel et ai, 
1994). 
The relatively low incidence (about 0.3/1000 live births) of children with 
a bilateral cleft of the lip and palate (BCLP) explains why there is limited 
information concerning dento-facial variability and treatment outcome in 
BCLP. With respect to dental arch dimensions and occlusion in BCLP 
patients, only a few longitudinal studies with a sufficient number of patients 
can be found in the literature (Larson et al., 1983; Bishara et al., 1985; 
Athanasiou et ai, 1987; Friede et al., 1987; Hotz et al., 1987). 
Larson et al. (1983) evaluated the dental occlusion in the deciduous 
dentition of 19 children with bilateral clefts who underwent orthopaedic 
treatment and early bone grafting before orthodontic treatment and after 
starting orthodontic treatment (about 10 years of age). A comparison was 
made to a non-cleft group. The BCLP group showed a significantly higher 
frequency of mesio-occlusion. For overbite and overjet, no significant 
differences were found in deciduous dentition. In the mixed dentition, 
however, the BCLP group had a smaller overjet and overbite as well as a 
narrower maxillary dental arch in the canine region. 
In the study of unoperated clefts by Bishara et al. (1985), the BCLP 
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group showed smaller dental arch widths than the control group. Since only 
seven dental casts taken at four different ages (between seven and 51 years of 
age) were available, no firm conclusions could be reached. Athanasiou et al. 
(1987) studied dental arch dimensions between three and 12 years of age in 
11 children. Maxillary interdental widths were significantly smaller for all 
ages compared to non-cleft individuals. Maxillary length was not significantly 
smaller. Mandibular arch dimensions seemed to be affected by the changes in 
the maxillary arch. 
Friede et al. (1987) studied two different treatment approaches 
concerning hard palate closure in 15 BCLP patients. Due to the relatively 
large variation in maxillary morphology and the small number of patients 
studied, no differences in facial morphology and occlusion between subgroups 
could be found. Hotz et al. (1987) evaluated early orthopaedic treatment in 
combination with a two-stage lip repair of 14 consecutive BCLP cases at the 
10-year age level. An average decrease of 4 to 5 mm in anterior arch length 
between birth and age 10 was found. The premaxillary overjet relative to the 
mandible spontaneously decreased from an average of 13 mm at birth to an 
average of 3 mm at age 10. 
Because of the lack of published data on dental arch dimensions in 
complete BCLP, it was our aim to study occlusion and arch dimensions in a 
BCLP group treated in one cleft lip and palate center, according to a strict 
treatment protocol from three to 17 years of age, and to compare the 
variables with those of non-cleft individuals. 
7.3 Methods 
For this study, mixed longitudinal records of 22 patients (15 boys, 7 girls) 
born between 1966 and 1981 with no known anomaly or syndrome other than 
a complete bilateral cleft lip, alveolus, and palate, were used. They were all 
treated at the Cleft Palate Center of the University Hospital of Nijmegen, The 
Netherlands, according to a strictly defined treatment plan (Table 7-1). About 
50% of the cases received presurgical orthopaedic treatment, as described by 
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Hotz and Gnoinski (1976). Extra-oral strapping was used until lip closure. 
Afterward, the acrylic appliance was worn as a retention device until the soft 
palate was closed. A one-stage cheiloplasty (modified Manchester technique 
(Manchester, 1970)) was performed at about three months of age; closure of 
the soft palate according to Von Langenbeck at the age of 18 months; and 
closure of the hard palate at about four years of age or later in combination 
with alveolar bone grafting. All cases in this study underwent an osteotomy 
of the premaxilla in combination with early secondary alveolar bone grafting. 
Two third of the patients needed orthodontic expansion before the osteotomy. 
Afterward, fixed appliances were necessary to align the dental arches. 
Table 7-1: Orthodontic and surgical treatment strategy of BCLP patients at the 
Nijmegen Cleft Palate Center. О = "optional". 
birth presurgical orthopaedics (Hotz) 
3 mo one-stage lip closure (modified Manchester) 
end of active orthopaedics 
18 mo posterior palate closure (modified Von Langenbeck) 
end of retention period with intraoral plates 
4 yr hard palate closure (before 1975) 
5-6 yr columella lengthening 
[lip mucosa and skin scar revision] 
[superiorly-based pharyngeal flap] 
8 yr orthodontic correction of incisor tooth position and correction of 
transverse segmental crossbites 
9 yr osteotomy of premaxilla in combination with bone grafting and hard 
palate closure (after 1975) 
12 yr orthodontic finishing 
15 yr [secondary lip and nose revision] 
18 yr [osteotomy of the maxilla and/or mandible] 
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Between two and 13 dental casts were available for each patient, which made a total 
of 149 dental casts. The Optocom (Van der Linden et al., 1972) was used for 
digitizing 112 mandibular and maxillary dental landmarks, as proposed by Moorrees 
(1959) (Fig. 7-1) and their coordinates were computerized. Dental arch dimensions 
were calculated from the coordinates, and their means, standard deviations, and 
ranges were computed for each age. 
Figure 7-1: Points digitized on dental casts. 1: distal anatomical contact point; 2: 
most buccal point; 3: most palatal point; 4: mesio-palatal cusp point 
of molars and deciduous molars, cusp of canines; 5: mesial anatomical 
contact point. 
The control group consisted of 253 dental casts of 42 non-cleft children (27 
boys and 15 girls), collected by Prof. Leighton (Kings College Hospital, 
London). These children showed a normal occlusion with limited or no 
crowding and no loss of teeth. From each child, six to seven casts taken at 
fixed time intervals were available. Digitizing and calculation of distances 
was performed as described for the BCLP group. 
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Distances that were calculated are illustrated in Figure 7-2. Maxillary as well 
as mandibular arch dimensions were determined. Arch width was measured 
between the midpoints of left and right canines, premolars, deciduous molars 
and first permanent molars. These midpoints were defined as half of the 
distance between mesial and distal anatomical contact points. Arch depth was 
measured between the mesial points of the two central incisors (or the 
midpoint of the central diastema) and the midpoint of a line extending from 
the mesial anatomic contact point of left to the right first molars. Twenty 
randomly selected dental casts, covering the full age range, were digitized 
twice by the same person to compute measurement error. 
Figure 7-2: Measured distances. Arch widths (1-4) between midpoints of molars, 
premolars, deciduous molars, and canines; Arch depth (5) from 
midpoint of first molars (mesial anatomical contact point) to contact 
point of central incisors. 
The mean values of the control group were interpolated for eight different 
ages (i.e., 3, 4, 5, 6, 9, 12, 16, and 17 years). The difference between the 
interpolated value to the nearest age period did not exceed 1.5 years. 
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Extrapolation was not applied. At these ages, a two-way ANOVA was 
conducted to determine whether or not the mean value in the two groups 
differed significantly from each other and to assess gender differences. 
In addition, Huddart's scoring system (Huddart and Bodenham, 1972), 
slightly modified, was used to evaluate the severity and location of crossbites. 
Scores, as described in Figure 7-3, were recorded by two independent 
orthodontists. The lateral incisors were not assessed as they are often absent 
in BCLP patients. Each tooth was given a score depending on its position 
relative to the lower arch. 
INCISOR SCORING 
palatal 
side 
CANINE SCORING 
palatal 
side 
MOLAR SCORING 
Figure 7-3: Huddart's scoring of buccolingual dental relationship. 
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Finally, midline deviation, overjet, and overbite, and the sagittal molar and 
canine occlusion according to the Angle classification were measured by the 
same two examiners. Overjet and overbite were measured relative to each of 
the two maxillary central incisors. Afterward, a mean value of the two scores 
was calculated. The one sample t-test was used to compare the dental 
occlusion of the BCLP group to the norms from Huddart's scoring system 
(0), midline deviation (0), overjet (2), overbite (2), and sagittal molar and 
canine occlusion (0) for both sexes together. 
7.4 Results 
Measurement errors are given in Table 7-2. Errors of the distances varied 
between 0.10 and 0.27 mm, which was considered acceptable. For overjet, 
overbite, and midline deviation, the measurement error was about 1 mm. 
Table 7-2: Results of interobserver reproducibility. 
measurement error measurement / remeasurement 
correlation 
maxillary arch depth 
mandibular arch depth 
maxillary canine width 
maxillary first premolar width 
maxillary second premolar width 
maxillary first molar width 
mandibular canine width 
mandibular first premolar width 
mandibular second premolar width 
mandibular first molar width 
overjet 
overbite 
Angle classification 
midline deviation 
Huddart score (Fig. 7-3) 
0.25 mm 
0.17 mm 
0.13 mm 
0.15 mm 
0.10 mm 
0.21 mm 
0.12 mm 
0.23 mm 
0.15 mm 
0.27 mm 
1.0 mm 
0.7 mm 
0.25 Pm width 
1.1 mm 
0.5 points 
.98 
.88 
.99 
.97 
.99 
.97 
.99 
.98 
.99 
.99 
.94 
.95 
.81 
.75 
.82 
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The measurement errors for the Angle classification and Huddart's scoring 
were small. All measurement/remeasurement correlations reached an 
acceptable level (Table 7-2). 
Significant gender differences were not observed for the arch 
dimensions. Between three and six years of age, no significant difference in 
maxillary arch depth between BCLP cases and control individuals was found. 
From nine years of age on, upper arch depth became significantly smaller in 
BCLP cases than in the control group (Table 7-3). 
Table 7-3: Maxillary arch depth. 
age 
3 
4 
5 
6 
9 
12 
16 
17 
η 
6 
8 
10 
10 
11 
15 
12 
11 
BCLP 
mean (mm) ± SD 
29.8 ± 3.4 
27.5 ± 5.7 
27.4 ± 4.9 
26.8 ± 4.8 
26.2 ± 4.4 
23.1 ± 4.5 
20.7 ± 4.0 
20.8 ± 3.3 
η 
28 
39 
39 
39 
37 
36 
28 
25 
control 
mean (mm) ± SD 
28.7 ± 1.4 
28.2 ± 1.6 
27.2 ± 1.7 
27.6 ± 1.7 
29.0 ± 2.1 
28.7 + 2.4 
27.7 + 2.4 
27.3 ± 2.5 
p-value 
ns 
ns 
ns 
ns 
** 
** 
*+ 
** 
ns = not significant ρ < 0.01 
In the mandible, differences in arch depth between groups were small 
(Table 7-4). The BCLP group demonstrated significantly smaller maxillary 
dental arch widths than the control group over the entire experimental period. 
Instead of an increase observed in the control group, a decrease of arch width 
appeared in the BCLP group. The proportional difference was the greatest at 
the canine region: at three years of age, the mean canine width in the BCLP 
group was only 11% smaller but at 17 years of age, it was 30% narrower 
than in the control group (Table 7-5). The width between the first molars was 
127 
Chapter 7 
Table 7-4: 
age 
3 
4 
5 
6 
9 
12 
16 
17 
π 
6 
9 
10 
11 
14 
14 
13 
12 
Mandibular arch depth. 
BCLP 
mean (mm) SD 
24.6 ± 1.3 
24.3 + 1.3 
24.1 + 1.1 
24.1 ± 1.2 
24.1 ± 2.5 
22.8 ± 1.9 
21.2 ± 1.9 
21.2 ± 2.2 
η 
31 
41 
41 
40 
38 
36 
28 
25 
control 
mean (mm) SD 
25.2 ± 1.4 
25.0 + 1.6 
24.7 ± 1.6 
24.6 + 1.8 
24.6 + 2.2 
23.9 ± 2.4 
23.1 ± 2.1 
22.6 ± 2.1 
p-value 
ns 
ns 
ns 
ns 
ns 
ns 
** 
ns 
ns = not significant ** = ρ < 0.01 
7% smaller at six years of age and 17% at 17 years of age (Table 7-6). 
Concerning the mandibular arch widths, both groups followed the same 
pattern, although the BCLP group showed significantly smaller intermolar 
Table 7-5: Maxillary canine width. 
age 
3 
4 
5 
6 
9 
12 
16 
17 
η 
6 
9 
10 
11 
14 
16 
11 
11 
BCLP 
χ (mm) SD 
24.9 ± 3.1 
25.0 ± 2.6 
25.5 ± 2.6 
25.5 ± 3.2 
24.6 ± 3.4 
23.1 + 3.2 
22.9 ± 3.9 
22.7 ± 3.4 
η 
39 
41 
41 
40 
36 
35 
28 
25 
control 
χ (mm) SD 
27.9 ± 1.4 
27.9 ± 1.5 
28.1 ± 1.7 
28.6 ± 1.8 
30.9 ± 2.0 
32.2 + 1.9 
32.7 ± 1.8 
32.4 ± 1.8 
p-value 
+* 
«* 
** 
** 
** 
»+ 
** 
+* 
< 0.01 
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Table 7-6: Maxillary first molar width. 
BCLP control 
age 
6 
9 
12 
16 
17 
η 
2 
12 
17 
13 
12 
χ (mm) SD 
40.9 ± 3.5 
41.6 + 3.0 
40.0 + 3.5 
40.0 ± 3.4 
39.8 ± 2.7 
η 
4 
29 
33 
27 
25 
χ (mm) SD 
44.9 ± 1.9 
45.1 ± 1.7 
46.8 ± 2.1 
47.8 + 2.4 
47.8 ± 2.6 
p-value 
ns 
** 
+ * 
+* 
+* 
ns = not significant 
ρ < 0.01 
distances from 12 years of age on (Table 7-7 and 7-8). 
No significant differences could be found between mean Huddart's 
scores and normal values for the central incisors. The mean canine-crossbite 
scores varied between -0.7 and -1.2 and were statistically different from 
normal. Molar scores were slightly negative over the whole period of age 
(Table 7-9). 
Table 7-7: Mandibular canine width. 
age 
3 
4 
5 
6 
9 
12 
16 
17 
η 
6 
9 
9 
10 
12 
15 
12 
12 
BCLP 
χ (mm) SD 
22.9 ± 0.9 
22.6 ± 1.1 
22.8 ± 1.1 
23.4 ± 1.0 
24.7 ± 1.6 
23.7 ± 1.9 
24.6 ± 2.0 
24.3 ± 1.9 
η 
38 
42 
42 
40 
37 
35 
28 
25 
control 
χ (mm) SD 
22.4 ± 1.1 
22.6 ± 1.2 
22.9 ± 1.3 
23.4 ± 1.4 
25.4 ± 1.4 
25.6 ± 1.4 
25.3 ± 1.4 
25.0 + 1.4 
p-value 
ns 
ns 
ns 
ns 
ns 
** 
ns 
ns 
ns = not significant ρ < 0.01 
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Table 7-8: Mandibular first molar width. 
BCLP control 
age 
6 
9 
12 
16 
17 
ns = 
π 
4 
10 
15 
12 
11 
χ (mm) SD 
40.3 ± 4.2 
41.1 ± 2.8 
40.6 ± 2.7 
41.1 ± 3.3 
41.2 ± 3.5 
not significant 
η 
2 
31 
34 
28 
25 
* = ρ < 0.05 
χ (mm) SD 
43.4 ± 3.0 
42.4 ± 1.8 
42.9 ± 1.9 
43.4 + 2.3 
43.3 ± 2.5 
** = 
p-value 
ns 
ns 
** 
* 
* 
ρ < 0.01 
For sagittal canine and molar occlusion, scores became more positive with 
age, which tended to disto-occlusion (Table 7-10). 
Overjet diminished from 4.1 mm at three years of age to -0.4 mm at 14 
years of age, which differed significantly from normal. At 17 years of age, a 
mean overjet of 1.6 mm was reached, which was no longer statistically 
different. Overbite was positive in the beginning but ended slightly negative 
Table 7-9: Huddart's scores: central incisor, canine and first molar occlusion. 
age η 
3 10 
6 10 
8 10 
10 15 
12 14 
14 11 
16 12 
17 8 
central incisors 
X 
0.2 
0.6 
-0.5 
-0.1 
-0.0 
-0.0 
-0.6 
-0.5 
ns = not signi 
SD 
1.6 
1.2 
1.4 
1.6 
1.2 
1.2 
1.4 
1.2 
ificant 
p-value 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
η 
10 
10 
11 
13 
14 
9 
11 
9 
canines 
X 
-0.8 
-0.7 
-1.2 
-1.2 
-0.7 
-1.1 
-1.0 
-0.9 
* = P 
SD ρ 
1.0 
1.0 
1.2 
1.2 
1.4 
1.3 
1.3 
1.2 
< 0.05 
-value 
* 
ns 
** 
** 
* 
** 
** 
* 
η 
9 
10 
11 
14 
16 
11 
11 
molars 
X 
-0.4 
-0.2 
-0.1 
-0.2 
-0.6 
-0.2 
-0.3 
** = ] 
SD 
0.8 
0.6 
0.4 
0.5 
0.8 
0.5 
0.9 
p-
ρ < 0.01 
value 
ns 
ns 
ns 
** 
* 
ns 
** 
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Table 7-10: 
age 
3 
6 
8 
10 
12 
14 
16 
17 
ns = 
η 
10 
10 
11 
13 
14 
9 
11 
9 
Sagittal canine ι 
canine 
X 
0.2 
0.6 
0.4 
0.4 
0.6 
0.6 
0.6 
0.6 
not significant 
SD 
0.4 
0.5 
0.5 
0.4 
0.7 
0.4 
0.5 
0.4 
and molar occlusion. 
p-value 
ns 
** 
** 
** 
** 
** 
** 
** 
++ = 
Ρ 
η 
9 
11 
16 
15 
11 
12 
7 
< 0.01 
χ 
0.4 
0.4 
0.4 
0.5 
0.6 
0.6 
0.6 
molar 
SD 
0.5 
0.4 
0.4 
0.4 
0.4 
0.5 
0.6 
p-value 
* + 
** 
** 
** 
** 
*Φ 
* + 
(open bite) with a mean value of -0.3 mm at 17 years of ages. A midline 
deviation was apparent between three and 10 years of age, but disappeared 
completely at 16 years of ages (Table 7-11). 
Table 7-11: Midline deviation, over jet and overbite. 
age η 
3 10 
6 9 
8 10 
10 15 
12 14 
14 11 
16 12 
17 8 
overjet 
χ (mm) SD ρ 
4.1 
3.8 
1.6 
0.6 
1.1 
-0.4 
0.3 
1.6 
4.0 
3.8 
3.5 
4.0 
3.3 
3.6 
3.1 
2.4 
-value 
ns 
ns 
ns 
ns 
ns 
* 
ns 
ns 
η 
10 
9 
10 
15 
14 
11 
12 
8 
overbite 
χ (mm) SD ρ 
1.4 
1.3 
0.5 
1.6 
0.6 
0.2 
1.5 
-0.3 
2.0 
3.4 
3.3 
3.4 
2.7 
1.6 
2.7 
1.4 
-value 
ns 
ns 
ns 
ns 
ns 
* 
ns 
* 
1 
η 
10 
10 
11 
16 
14 
11 
13 
10 
midline deviation 
χ (mm) SD ρ 
1.7 
0.7 
1.4 
1.2 
0.7 
0.1 
0.0 
0.0 
2.2 
2.5 
1.6 
2.3 
2.1 
1.7 
1.7 
1.6 
-value 
** 
ns 
* 
* 
ns 
ns 
ns 
ns 
ns = not significant ρ < 0.05 ρ < 0.01 
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7.5 Discussion 
Although the results show several significant differences between the BCLP 
group and the non-cleft individuals, the small number of children studied 
allows only cautious interpretation of these results. Also, gender differences 
were not frequently noticed. It is probably that they were masked by the 
large variation of arch dimensions in the cleft group. 
In this study we found that from nine years of age on, maxillary dental 
arch depth was smaller than in the control group. Perhaps, the orthodontic 
expansion, which is typically performed at eight years of age, allowed the 
premaxilla to move more palatally. A palatoversion of the maxillary central 
incisors or a mesiodisplacement of the first molars can also cause smaller 
upper arch depth values. However, in a previous cephalometric investigation 
of the same group of patients, we found, after osteotomy of the premaxilla, a 
tilting of the premaxilla expressed as an uprighting of the upper front teeth 
(Heidbiichel et al, 1993). In some cases, first maxillary molars were moved 
mesially to close the dental arch anteriorly. Since agenesis of lateral incisors 
is frequently seen in BCLP patients, this anteriorly closing is very common 
during treatment. Hotz et al. (1987) also found a diminishing in upper dental 
arch length up to the age of 10 years. Athanasiou et al. (1987) suggested that 
the maxillary arch length in the BCLP patient group was not significantly 
smaller than in the control group during the primary and mixed dentition, but 
at the age of 12 years, it even increased more than in the control group. 
Perhaps, prosthetic replacement of absent lateral incisors was the treatment of 
choice here. This can explain the different treatment results. 
Concerning arch widths, smaller arches were found in BCLP patients 
from three years of age on. Similar findings were found in earlier 
investigations (Larson et al., 1983; Bishara et al., 1985; Athanasiou et al., 
1987). Several reasons for this transverse underdevelopment of the maxilla 
have been reported: maxillary tissue deficiency (Huddart and Bodenham, 
1985), intrinsic developmental deficiency (Ross and Johnston, 1972) and 
collapse of the alveolar arch following lip and palate surgery (Rune et al., 
1980). Although an orthodontic expansion of the lateral segments has been 
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performed in two thirds of our patients, the proportional difference between 
non-cleft and BCLP widths became larger with age, and Huddart's scores 
remained slightly negative. This can be attributed to further segmental 
movements, as seen by Rune et al. (1980), or to relapse after expansion and 
premaxilla osteotomy. Toward the end of the treatment, narrowing of upper 
arch widths can also be attributed to orthodontic anterior space closure of the 
maxillary dental arch. 
Mandibular arch dimensions in BCLP and controls are very similar. A 
slight decrease in arch width is noticed beginning at 12 years of age. This 
was also noted by Athanasiou et al. (1987). This means that the mandibular 
dental arch seems to adapt to smaller maxillary widths. 
To analyze transverse dental occlusion, the Huddart's scoring system 
was chosen because the reliability and consistency of this method is greater 
than a descriptive classification. Furthermore, the severity of crossbite is also 
taken into account, and statistical analysis can be performed more easily 
(Huddart and Bodenham, 1972). The results of transverse occlusion were in 
accordance with the transverse distance measurements between canines and 
molars. 
At the end of treatment, mean overbite became negative, which 
represents an open bite tendency. Larson et al. (1983) found that the overbite 
also diminished in the mixed dentition. After an inherent growth aberration at 
the premaxillary region, the osteotomy of the premaxilla, which was 
performed in all cases of this study, could have reinforced an open bite 
tendency. In a previous investigation, we found that it is difficult to lower a 
high-positioned premaxilla by osteotomy (Heidbüchel et al., 1993). This may 
explain why the mean overbite became more negative, or, in other words, 
that the premaxilla always ends in a higher position after osteotomy. Finally, 
it was remarkable to measure a midline deviation at an early age, despite a 
one-step lip closure, but this asymmetry had disappeared by the end of 
treatment. 
It can be concluded that at the early ages, the differences between BCLP 
and non-cleft controls are small. By the age of seven years, differences 
become more obvious: maxillary arch depth and width as well as overjet and 
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overbite diminish in comparison to the controls. At the end of the treatment 
at 17 years of age, a slight disto-occlusion and transverse end-to-end 
occlusion (which is most apparent at the canine region) is present. It should 
be stressed, however, that this study only gives a global description of dental 
development in a relatively small, but well-defined BCLP group with a 
specific treatment protocol and that this has to be superimposed on an 
individual development that shows a large variation. 
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General discussion 

General discussion 
8.1 Introduction 
The aim of the present investigation was to evaluate facial growth and dental 
development in patients with a complete bilateral cleft lip and palate in order 
to get more insight into the effects of some treatment procedures that were 
used specifically in this group. All patients of the present study were treated 
at the Cleft Palate Center of the University Hospital of Nijmegen (The 
Netherlands). In this Center patients are treated according to a strictly defined 
and consistent treatment plan, in so far growth and development of the 
patients permits this. In order to facilitate lip closure presurgical orthopaedic 
treatment with the use of extra-oral strapping is performed, according to Hotz 
and Gnoinski (1976). Lip and palate closure are delayed to diminish growth 
disturbances (Bardach et al., 1984; Witzel et al., 1984; Bardach, 1990). 
Later on secondary alveolar bone grafting is performed, which can be 
combined with an osteotomy of the premaxilla (Banks, 1983; Eppley et al., 
1986; Freihofer, 1989; Bardach, 1990; Freihofer et al., 1990). 
8.2 Study design 
This study should be considered as a comparative retrospective study. This 
type of studies may include some negative aspects. There is a risk that the 
data are biased and that systematic changes occurred (Roberts et ai, 1991; 
Tindlund, 1995). For instance, it may be that only records were taken of the 
best or worst results. Moreover, experimental and control group are not 
surely equal in characteristics which may be related to environmental factors. 
For instance, in Chapter 5 and 6 a comparison was made between BCLP 
children, treated at the Cleft Palate Center of Oslo and children treated in 
Nijmegen. There is, however, no guarantee that differences in treatment 
outcome of both centers are not caused by other factors than a different 
treatment approach. The skill of the surgeon and/or orthodontist or the 
inherent growth of the children might be different. Finally, sample sizes of 
most of the investigations were rather small. The low incidence of children 
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born with a complete bilateral cleft lip and palate and the considerable 
variation in children's phenotype (Vig, 1990) and hence treatment need, make 
it, however, very difficult to obtain larger sample sizes. 
In order to compensate for these problems, that are typical for CLP 
research, material and methods should be appropriate (Tindlund, 1995; Shaw 
et al., 1992). Therefore, the BCLP children that were involved in this study 
were delineated precisely according to definite criteria: All children had a 
complete bilateral cleft lip and palate and had no associated anomalies. They 
were all Caucasians and born in definite time periods. When possible, a 
difference in gender was made. In some chapters, consecutive patients were 
selected on the basis of specific treatments, such as osteotomy of the 
premaxilla. As stated in the previous paragraph, they were all treated at the 
Cleft Palate Center in Nijmegen following a consistent treatment plan. Data 
collection at the Nijmegen Center is performed of each patient according to a 
standardized record taking protocol and before and after specific treatment 
procedures. Further, all analyses of this study were performed by the use of 
objective records and inter- and/or intra-observer measurement errors were 
acceptable. A double digitization was performed which contributed to an 
acceptable level of precision. 
When new techniques are promoted and performed, such as osteotomy 
of the premaxilla in combination with secondary bone grafting, it is essential 
to evaluate the treatment results of those techniques after a while. We are 
aware that some of the results of this study are to be interpreted with caution, 
but they can serve as a valuable indication into which direction one should 
proceed. 
8.3 General results 
The main results of this study can be described as follows: At birth, in the 
investigated BCLP patients, anterior and posterior arch widths, as well as 
arch depths were significantly larger in BCLP as compared to non-cleft 
children. After early treatment, at four years of age, alveolar arch form 
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already showed a lot of changes: anterior arch width was significantly 
narrower and anterior arch depth significantly shorter than in children without 
a cleft (Chapter 2). In the study of Wada et al. (1984) the same results were 
found. The largest changes in alveolar arch depths and widths took place in 
the periods around lip and soft palate closure. In each period following the 
respective surgical interventions, a new muscular balance seemed to be 
achieved (Chapter 3). At five years of age dental age in boys was significant 
delayed in comparison to non-cleft boys. At 9.5 and 14 years of age, no 
differences were found anymore. For girls, no differences could be observed 
over the whole investigated period (Chapter 4). On the long term we found 
that especially the anterior arch width remained smaller than in the non-cleft 
children despite all orthodontic efforts. From nine years of age on, maxillary 
dental arch depth became smaller than in the non-cleft control group, which 
may be attributed to the mesially closing of the space in the region of the 
often agenetic lateral incisors (Chapter 7). In the BCLP group of Nijmegen it 
is often necessary to perform a premaxilla osteotomy. This procedure is 
performed at a later age, i.e., in combination with secondary alveolar bone 
grafting, in order to avoid maxillary growth disturbances. By comparing the 
growth of our BCLP group with a BCLP group treated at the Cleft Palate 
Center of Oslo (Semb, 1991b), no growth retarding effects could be found at 
18 years of age. It is remarkable, however, that this procedure is never 
performed in Oslo. Differences in early treatment procedures may be at the 
origin of this (Chapter 5 and 6). 
In the next three paragraphs, a few treatment procedures are examined 
in more detail because of their preeminent orthodontic relevance. 
8.3.1 Presurgical orthopaedic treatment 
The main aim of the presurgical orthopaedic treatment (PSOT) in BCLP is 
the retrusion of the premaxilla in order to facilitate lip closure. The present 
study revealed that during PSOT, growth of the maxillary arch depths in 
BCLP was slower compared with non-cleft children, but it was not negative. 
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On the contrary, in the studies of Robertson et al. (1977) and Kramer et al. 
(1992) arch depth diminished during extra-oral strapping. It may be that in 
our center less force was applied with extra-oral strapping. The transversal 
dimensions seemed not to be affected in the period prior to surgical lip 
closure. Although in the present study all children with a BCLP did wear an 
orthopaedic appliance, which was re-inserted within 24 hours after lip 
surgery, the effects of lip closure on transverse dimensions could not 
completely be avoided: immediately after lip closure anterior arch collapse 
was seen but it was rather limited in comparison with other studies (Honda et 
al, 1995; Harding and Mazaheri, 1972; Wada et al., 1984). After 
palatoplasty, however, and hence after the removal of the plates, anterior 
arch width diminished again, which resulted at the end of the early treatment 
period in an anterior arch collapse that was comparable with other studies 
(Wada et al., 1984; Honda et al., 1995). Based on these results it could be 
advocated to maintain the plate after palatal closure. It can be expected, 
however, that arch collapse will occur as soon as the plate is left out. This 
means that the net gain of doing so is doubtful. 
Since the introduction of presurgical orthopaedic treatment a 
disagreement exists between those who advocate the effectiveness of it and 
those who do not. Especially, the benefit of PSOT in patients with UCLP is 
questioned. Therefore, a randomized prospective clinical trial is running now 
in which the effects of PSOT are measured in children bom with a complete 
unilateral cleft lip and palate (Kuijpers-Jagtman and Prahl, 1996). The 
effectiveness of PSOT in BCLP is less questioned, since it is often impossible 
to close the lip in a BCLP child without retruding the premaxilla in advance. 
Since it is generally agreed that premaxillary excision and early (before 
or together with lip closure) osteotomy of the premaxilla have a disastrous 
effect on maxillary growth, these procedures are almost abandoned. Two 
procedures remain, namely, lip adhesion and extra-oral strapping. Both are 
accepted to be effective for retruding the premaxilla, but, to our knowledge, 
no studies exist in which the outcome of both procedures is compared, nor in 
a retrospective, nor a prospective clinical study design. 
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8.3.2 Maxillary transverse expansion 
Although about two thirds of our BCLP patients received orthodontic 
expansion before premaxillary osteotomy, from three years of age on, 
intercanine distance never reached the values of the non-cleft patients. The 
proportional difference between non-cleft and BCLP widths became larger 
with age, and Huddart's scores remained slightly negative (Chapter 7). 
Several factors may be responsible for this: the collapse of the lateral alveolar 
segments may be inherent to the bilateral cleft lip and palate, since this 
collapse is also often observed in adults with an unoperated complete bilateral 
cleft lip and palate (Ross and Johnston, 1972; Huddart and Bodenham, 1985). 
Or, it may be caused by surgical lip and palatal closure (Rune et al., 1980; 
Bardach, 1990). Towards the end of the treatment, narrowing of upper arch 
widths can also be attributed to orthodontic anterior space closure of the 
maxillary dental arch. 
Since it appears to be impossible to hold transverse dimensions without 
the use of appliances, two treatment approaches can be followed: either, the 
treatment aims to maintain to a maximum degree the given maxillary arch 
widths, which implies the following procedures: first, to maintain the plate of 
the presurgical orthopaedic treatment after palatal closure; second, to expand 
orthodontically if necessary the maxilla over a longer period of time and, 
third, to retain permanently arch widths by means of fixed or removable 
retention devices. Or the second approach, no expansion or retention is 
performed at all, and the lateral alveolar segments find quite naturally their 
position as a result of muscular balance. Since a permanent retention is not 
an agreeable foresight for the patient, one would be tempted to advocate the 
second alternative. As there is, alas, no guarantee that arch collapse will not 
evolve to a situation where there is no functional bite anymore, we prefer the 
first treatment option. This does, however, not preclude that the retention 
procedure is gradually alleviated, if the circumstances permit it. 
Furtherly, it should be mentioned that new operating techniques for the 
closure of hard and soft palate are currently under examination. They aim to 
diminish the formation of scar tissue in order to reduce the growth 
141 
Chapter 8 
retardation of the maxilla and the collapse of the maxillary dental arch 
(Leenstra et al., 1995, 1996; Van Damme et al., 1997). 
8.3.3 Surgical repositioning of the premaxilla 
After surgical repositioning of the premaxilla in combination with secondary 
or tertiary bone grafting and orthodontic treatment, a good arch form could 
be achieved, the base of the premaxilla was positioned more dorsally and a 
good inclination of upper incisors was achieved. It appeared not to be 
possible to lower a too highly positioned premaxilla to a normal vertical 
relationship (Chapter 5). The long term results in our BCLP group were 
satisfactory (Chapter 6). In a recent study of Marinho et al. (1995) on 10 
BCLP patients who underwent secondary premaxillary setback, good results 
were equally observed in comparison with the BCLP group of Oslo. 
Nevertheless, in contrast to our study, their patients showed even more 
concave profiles than those belonging to the Oslo group. Unfortunately, a 
comparison was only made at the end of the treatment in the Marinho study, 
and therefore effects of early treatment could not be evaluated. 
As this study has revealed acceptable long-term results for dento-facial 
development after premaxillary osteotomy in combination with secondary or 
tertiary bone grafting, we are in favour for performing this operation if the 
premaxilla is malpositioned. The fact that in Oslo no premaxillary osteotomy 
was ever needed, was attributed to differences in primary treatment 
(Chapter 6). However, since the BCLP patients of Oslo showed more 
concave profiles at the end of treatment, we would rather not follow their 
approach. 
8.4 Multidisciplinary treatment 
The treatment of patients with a bilateral cleft lip and palate is 
multidisciplinary. Consequently, when evaluating treatment results, one 
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should take all treatment results into account. Facial appearance, speech, 
hearing and psychological aspects were not evaluated in this study. 
Furthermore, financial aspects may also play an important role in the choice 
of treatment when no differences in treatment outcome are found. There 
exist, however, as far as we know, no studies giving a total overview of 
treatment outcome in BCLP. Bardach et al. (1992) reported some 
multidisciplinary results of management of bilateral cleft lip and palate. 
However, it only involves a quantitative overview of all treatments used in 
their BCLP patient group, without evaluation of their treatment results. 
In order to evaluate some particular treatment procedures in BCLP it is 
necessary to follow these patients over a longer period of time and to 
compare them with other BCLP groups treated following other priorities. 
Because of the low incidence of BCLP and because of the great variability in 
appearance of the deformity, there is a lack of studies based on long-term 
results in literature. Only a few studies exist on dento-facial development in 
BCLP in which more than 10 patients were followed longitudinally over a 
period longer than 10 years (Krogman et al, 1982; Larson et al., 1983; 
Athanasiou, 1987; Hotz et al., 1987; Semb, 1991b). For the same reasons all 
these studies, including the present, are retrospective ones. 
Ideally, randomized prospective clinical trials should be performed 
(Roberts et ai, 1991). As it is already difficult to make retrospective studies, 
we hold the opinion that the first challenge for clinical research in BCLP is to 
perform long-term retrospective and/or comparative multidisciplinary studies 
between two or more Cleft Palate Centers which have standardized treatment 
and record taking procedures in order to increase the amount of cases. The 
results of these studies can then be used to plan and initiate well designed, 
ethical and efficient randomized clinical trials. 
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Summary 
In the introduction in Chapter 1 the bilateral cleft lip and palate malformation 
and the problems which are attached to it are explained. 
In Chapter 2 the development of maxillary arch dimensions in 26 BCLP 
boys is described during the first four years of age. Palatal arch dimensions 
were studied on dental casts and compared with 34 non-cleft boys. In this 
study it was found that at birth arch widths as well as arch depths were 
significantly larger in BCLP. After seven months, time of lip closure, 
anterior arch width and arch depth diminished considerably in the cleft group. 
After 12 months of age, time of palatoplasty, a slight decrease of posterior 
arch width was observed. Arch depths showed a slight catch-up growth. At 
four years of age, anterior arch width was significantly narrower and anterior 
arch depth significantly shorter in BCLP as compared to the controls. 
Posterior arch width became significantly wider than at the earlier stage. A 
significant midline deviation was apparent over the whole investigated period. 
Chapter 3 analyses the effects of early orthopaedic and/or surgical 
treatment on maxillary alveolar arch development in 30 children with a 
complete bilateral cleft lip and palate. Palatal arch dimensions were measured 
on dental casts and their growth velocities during different treatment periods 
were calculated. Differences in growth velocities between consecutive 
treatment periods were examined and compared with those of non-cleft 
children. Prior to surgical lip closure the increase of the intercanine width of 
children with a BCLP and non-cleft children was comparable. Only for arch 
depths significantly less growth was observed in comparison with the control 
group. After lip closure intercanine width, arch depths and segmental angle 
diminished. During the intersurgical period arch form seemed to adapt to a 
new muscular balance. Immediately after soft palate surgery and after 
finishing presurgical orthopaedics, growth of the intercanine width and 
intertuberosity width was restricted. This negative growth was compensated 
in the post-surgical period, were even a catch-up growth of intertuberosity 
width was observed. 
In the study of Chapter 4, the dental age in 74 children with a bilateral 
cleft lip and palate was assessed and compared to 181 Dutch children without 
a cleft at three different ages, namely, 5, 9.5 and 14 years of age. At five 
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years of age a significant difference in dental age was found between BCLP 
and non-cleft boys. At the ages of 9.5 and 14 years of age no differences 
were found anymore. For girls no differences in dental age were shown over 
the entire investigated period. 
In the study of Chapter 5, the effects of premaxillary osteotomy in 
combination with secondary bone grafting were analyzed in 22 BCLP patients 
by means of cephalograms and dental casts, taken before and after treatment. 
As a control group, BCLP patients treated by the cleft palate center, Oslo 
were used. Treatment planning of these two teams is comparable, except for 
the fact that in Oslo surgical repositioning of the premaxilla is never 
performed. After osteotomy, good arch form was achieved, the premaxilla 
was positioned more superiorly and normal inclination of incisors was 
achieved. It proved not to be possible, however, to lower a high-positioned 
premaxilla to a normal vertical relationship. 
Chapter 6 describes the sagittal facial growth of bilateral cleft lip and 
palate patients between six and 20 years of age. The data of Nijmegen, 
derived from 131 lateral cephalograms taken in 21 BCLP patients, were 
compared with reported data of 90 BCLP patients treated at the Center of 
Oslo. Results of this investigation showed mandibular growth to be similar in 
both centers. In the premaxillary region some differences were found: The 
Nijmegen patients presented a more protrusive premaxilla than those at Oslo. 
The upper front teeth and hence, the premaxilla, were more retroclined in the 
Nijmegen sample. There were also statistically significant differences in the 
soft tissue profile. The mean Z-score was positive for the nasiolabial angle 
and negative for the angle N'-Sn-Pg'. At 18 years of age, these differences 
were still apparent. In comparison with Broadbent's values of normal 
individuals, the SNPg-angle was smaller and the mandibular angle greater in 
Nijmegen and Oslo. The profiles of the BCLP patients are more convex in 
Nijmegen and more concave in Oslo than in the non-cleft group. 
The aim of the study of Chapter 7 was to describe maxillary and 
mandibular dental arch form and occlusion in 22 bilateral cleft lip and palate 
from three to 17 years of age and to compare their characteristics with a 
normative sample. Dental arch dimensions were studied on dental casts. 
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From nine years of age, the cleft sample showed a significantly smaller 
maxillary depth. Maxillary dental arch widths were also significantly smaller 
than in the control group over the whole age period. Mandibular dental arch 
measurements were very similar in both groups, although smaller mandibular 
first molar widths were noted in the BCLP group beginning at 12 years of 
age. A tendency for a transverse end-to end occlusion was found, which 
became more clear with age and was most markedly at the canine region. 
In Chapter 8 a discussion is given on the study as a whole and 
suggestions are made for further research. 

Chapter 10 
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Samenvatting 
Hoofdstuk 1, de inleiding, omschrijft en situeert de complete bilaterale lip-, 
kaak- en gehemeltespleet (in het Engels: "Bilateral Cleft Lip and Palate" = 
BCLP) en de ermee verbonden problemen. 
Hoofdstuk 2 beschrijft de ontwikkeling van de maxillaire boogdimensies 
bij 26 jongens met een complete bilaterale schisis gedurende hun eerste vier 
levensjaren. De maxillaire boogdimensies werden bestudeerd op studie-
modellen en vergeleken met die van 34 jongens zonder lip- en gehemelte-
spleet. Deze studie bracht aan het licht dat bij de geboorte boogbreedtes en 
boogdieptes significant groter zijn bij baby's met een bilaterale lip-, kaak- en 
gehemeltespleet vergeleken met kinderen zonder schisis. In deze groep 
verminderden de voorste boogbreedte en boogdieptes aanzienlijk na de zesde 
maand, het tijdstip waarop de lipsluiting plaatsvond. Na de leeftijd van 12 
maanden, het tijdstip van sluiting van het palatum molle, werd een kleine 
afname van de achterste boogbreedte waargenomen. De boogdiepte vertoonde 
een lichte inhaalgroei. Op de leeftijd van vier jaar was de 
interhoektandafstand significant kleiner en de voorste boogdiepte significant 
korter bij BCLP-patiënten in vergelijking met de controlegroep. De achterste 
boogbreedte werd dan opnieuw significant wijder. Een significante 
middellijnafwijking was waarneembaar over de gehele onderzochte periode. 
Hoofdstuk 3 analyseert het effect van vroegtijdige orthopedische en/of 
operatieve behandelingen op de maxillaire alvéolaire boogontwikkeling bij 30 
kinderen met een totale bilaterale lip-, kaak-, en gehemeltespleet. De 
maxillaire boogdimensies werden gemeten op studiemodellen en hun 
groeisnelheid werd berekend tijdens de verschillende behandelingsperiodes. 
Verschillen in groeisnelheid gedurende de opeenvolgende behandelings-
periodes werden bestudeerd. Verder werden de groeisnelheden gedurende 
deze periodes vergeleken met de groeisnelheden van een controlegroep van 
kinderen zonder schisis. Vóór de lipsluiting was de groei van de 
interhoektandafstand in beide groepen vergelijkbaar. Enkel met betrekking tot 
de boogdiepte werd significant minder groei vastgesteld in de BCLP-groep in 
vergelijking met de controlegroep. Na de lipsluiting verminderden de voorste 
boogbreedte en de boogdieptes aanzienlijk. Tijdens de periode tussen de 
operatieve ingrepen in, lijkt de boogvorm zich aan te passen aan een nieuwe 
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spierbalans. Onmiddellijk na de sluiting van het palatum molle en na de 
beëindiging van de prechirurgische orthopedische behandeling, werd een 
negatieve groei van de boogbreedtes waargenomen. Deze negatieve groei 
werd in de post-operatieve periode, waarin zelfs een inhaalgroei van de 
tuberafstand werd geobserveerd, gecompenseerd. 
In het onderzoek van Hoofdstuk 4 werd de dentale leeftijd van 74 BCLP-
kinderen berekend en vergeleken met die van 181 kinderen zonder schisis op 
de leeftijd van 5, 9,5 en 14 jaar. Op vijfjarige leeftijd werd een significante 
vertraging in dentale leeftijd vastgesteld bij de jongens. Verder werd er geen 
verschil in dentale leeftijd vastgesteld tussen beide groepen. 
Hoofdstuk 5 bestudeert het effect van de osteotomie van de premaxilla. 
Bij 22 BCLP-patiënten werd het effect van een premaxilla osteotomie die 
gecombineerd werd met een bottransplantaat geanalyseerd met behulp van 
laterale röntgenschedelfoto's en studiemodellen van vóór en na de operatie. 
De controlegroep bestond uit patiënten met een totale bilaterale lip- en 
gehemeltespleet die behandeld werden door het Schisisteam van Oslo, 
Noorwegen. De behandelingsplanning van beide teams is vergelijkbaar, met 
uitzondering van het feit dat in Oslo nooit een operatieve repositionering van 
de premaxilla werd uitgevoerd. Na de osteotomie werd een goede boogvorm 
waargenomen, de premaxilla was meer craniaalwaarts gepositioneerd en de 
bovensnijtanden vertoonden een normale inclinatie. Het was echter niet 
mogelijk om een hoog-gepositioneerde premaxilla te verlagen tot een normale 
verticale relatie. 
Hoofdstuk 6 beschrijft de sagittale gelaatsgroei met een volledige 
bilaterale schisis tussen zes en 20 jaar. De gegevens van Nijmegen werden 
gehaald uit 131 laterale röntgenschedelfoto's afkomstig van 21 BCLP-
patiënten. Deze gegevens werden vergeleken met de resultaten van 90 BCLP-
patiënten die in het centrum van Oslo werden behandeld. Ons onderzoek 
toont aan dat de mandibulare groei vergelijkbaar was in beide centra. In het 
premaxillair gebied werden niettemin enkele verschillen gevonden: de 
patiënten van Nijmegen vertoonden een meer ventraalwaarts gepositioneerde 
premaxilla dan die van Oslo. De bovensnijtanden, en bijgevolg ook de 
premaxilla, stonden meer teruggekipt in de Nijmeegse groep. Er waren ook 
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statistisch significante verschillen in het weke-delenprofiel. De gemiddelde 
Z-score was positief voor de nasolabiale hoek en negatief voor de hoek 
N'-Sn-Pg'. Op 18-jarige leeftijd waren deze verschillen nog steeds zichtbaar. 
In vergelijking met Broadbent's waarden van individuen zonder schisis, was 
de SNPg-hoek kleiner en de mandibulaire hoek groter in zowel Nijmegen als 
Oslo. De profielen van de BCLP-patiënten zijn meer convex in Nijmegen en 
meer concaaf in Oslo dan in de controlegroep. 
De bedoeling van het onderzoek van Hoofdstuk 7 was de maxillaire en 
mandibulaire tandboogvorm en de occlusie te beschrijven bij 22 BCLP-
patiënten van drie tot 17-jarige leeftijd en de karakteristieken ervan te 
vergelijken met een normatieve groep. De tandboogdimensies werden 
bestudeerd op studiemodellen. Vanaf de leeftijd van negen jaar vertoonde de 
BCLP-groep een significant kleinere maxillaire boogdiepte. De maxillaire 
tandboogbreedtes waren ook significant kleiner dan in de controlegroep, en 
dit over de gehele leeftijdsperiode. Mandibulaire tandboogafstanden waren 
zeer vergelijkbaar in beide groepen, alhoewel kleinere mandibulaire eerste-
molaarbreedtes vanaf 12 jaar werden opgemerkt in de BCLP-groep. Verder 
zagen we een neiging tot een transversale end-to-end beet, deze werd 
duidelijker met de leeftijd en was het meest uitgesproken in de hoektandregio. 
Hoofdstuk 8, tenslotte, bevat de discussie over het gehele onderzoek en 
reikt enkele suggesties aan voor verder onderzoek. 
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